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Description 

Growth hormone is a secretory protein of the pituitary gland of animals having wide ranging developmental effects 
on the organism. Artificial manipulation of growth hornrwxie levels has been demonstrated to have significant therapeutic 

5 utility. Hunnan growth hormone supplementation has been shown to be an effective treatment for growth hormone 
deficiencies and their related disease states m humans Apart from this application, studies have uncovered new and 
significant properties^ of growth hornDone which lend further importance to the ability to control growth homnone levels 
For example, recent clinical studies indicate that growth hormone supplementation may be useful in combating the 
maladies of aging in humans Elevated growth hormone levels in animals have been shown to result in increased lean 

10 muscle mass One application of this latter observation could result in higher production of leaner meat products or in 
the production of larger and/or stronger animals 

While growth hormone is naturally produced by the pituitary gland, the secretion of growth hormone into the blood- 
stream IS controlled by a second protein. Growth Hormone Releasing Factor (GRF). This homnone is also commonly 
known in the art as somatocrinin. Growth Homnone Releasing Hormone (GHRH). and Growth Releasing Hormone 

T5 (GRH). 

There are two ways to approach the problem of increasing circulating levels of growth hormone (1) increase the 
jevel of hunnan growth homnone in the organism directly or (2) increase the organism's natural tendency to produce 
growth hormone The latter strategy may be achieved via supplementation with GRF GRF has been demonstrated to 
increase the circulatory levels of growth hormone in vivo Rivier eial , Nature (London) . 300:276 (1982) The effect of 

20 GRF (and various structural analogs thereof) on growth hormone production has been widely studied. A primary ob- 
stacle to the use of GRF as a direct supplement is its short lifespan in vivo L A. Frohman, et al , Journal of Clinical 
Investiiation . 78:906 (1986). More potent and/or longer lasting GRF molecules are therefore desirable for the devel- 
opment of effective human therapeutic or animal husbandry agents 

The structure of GRF has been nnodified in numerous ways resulting tn longer lasting and/or more potent GRF 

2S analogs It has been domonslrated that the first 29 amino acids from the N-temninus are sufficient to retain full GRF 
activity Speiss, el al., Biochemistfv . 21.6037 (1982) One strategy has been the iricorporation of novel D-aminoadd 
residues in various regbns of the GRF molecule V A. Lance, et al . , Biochemical and Biophysical Researoh Commu- 
nications . 119265(1984), D H. Cov. et al , Peptides . 8(suppl. 1):49(1986) Another strategy has modified the peptide 
backbone of GRF by the incorporation of peptide bond isosteres in the N-termmal region D Tourwe, Janssen Chim 

30 Acta . 3:3(1985); S.J Hocart. et al . Journal of Medicinal Chemistrv . 33' 1954-58 (1990) A series of very active analogs 
of GHRH IS described in European Patent Publication 511 .003. published October 28. 1992. 

In addition to the actions of GHRH there are vanous ways known to release growth hormone. For example, chem- 
icals such as arginine, L-3 4-dihydroxyphenylalanine (L-DOPA), glucagon, vasopressin, and insulin-induced hypogly- 
cemia, as well as activities such as sleep and exercise, indirectly cause growth hormone to be released from the 

35 pituitary by acting in some fashion on the hypothalamus, perhaps either to decrease somatostatin secretion or to 
increase the secretion of GHRH 

In cases where increased levels of growth hornnone are desired, the problem has generally been solved by pro- 
viding exogenous growth hormone or by administering GHRH, or a related peptklyl compounds which stimulates growth 
hormone production or release. In either instance the peptkilyl nature of the compound has necessitated that it be 

40 administered by injectkw 

Other compounds have been developed which stimulate the release of endogenous growth hormone, such as 
analogous peptidyl compounds related to GHRH. These peptktes, while considerably smaller than growth hormones 
are still susceptible to metabolic instability 

Administration ol the hexapeptkte growth hornnone releasing peptide-6 (GHRP-6) results m the secretion of growth 

<s hormone in many species, including humans. This peptide has the following sequence. 

His-D-Trp-Ala-Trp-D-Phe-Lys-NH2 

so This peptide is one of a senes of synthetic peptides, the structures of which were based on the pentapeptide Met- 
enkephatin It has been shown that GHRP binds specifically to the pituitary, although the binding does not involve the 
opioid. GHRH. or the somatostatin receptors 

In recent years significant efforts have been taken to develop nonpeptidyl analogs of this sencs of compounds. 
Such compounds, termed growth hormone secretagogues. should be orally bioavailabte induce the production or 
55 release of growth hornnone. and act synergistcally with GHRH 

Represeniative growth hormone secretagogues are disclosed in United States Patent 3,239.345, United States 
Patent 4.036.979. United States Patent 4.411,890. United States Patent 5.206.235; United States Patent 5.248,841; 
United States Patent 5.310.737; United States Patent 5,310.017; European Patent Publk:aHon 144,230, European 



2 



8NS0OCID <EP^07612ieA1J.> 



EP0 761 219 A1 

Patent Publication 513.974. Patent Cooperation Treaty Patent Publication WO 94/07486. Patent Cooperation Treaty 
Patent Publication WO 94/08583; Patent Cooperation Treaty Patent Publcation WO 94/13696; and Scfence. 260- 
1640-1643 (1 993). the entire of all of which are herein incorporated by reference. 

United States Patent 5.206.235. Issued April 27. 1993. describes a series of benzolactam compounds typified by 
s the following structure 
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20 




2S Those compounds have demonstrated clinical activity in humans in raising the growth hormone socretoiy levels B J 
Gertz, Journal of Clinical Endocnnoloqy and Metabolism . 77 1 393-1 397 (1 993). 

A second generation of growth hormone secretagogues is described in Patent Cooperation Treaty Patent Publi- 
cation WO 94/13696. published June 23. 1994. These compounds are typified by the following two structures. 
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The present invention provides a series of compounds that have activity as growth hormone secretagogues. These 
compounds are orally active and non-peptidyl in nature and are, therefore, more metabolical^ stable than growth 
hornwne, growth hormone releasing hornnone. qr analogs of either of these proteins The compounds empbyed in the 
present invention are preferred for human phanmaceulical uses as well as vetennary uses, particularly in cattle, swine, 
s sheep, poultry and fish. 

This invention encompasses methods for the treatment or prevention of a physclogical condition which may be 
modulated by an increase in growth hormone, which method comprises adnrunistering to an animal in need of said 
treatment an effective amount of a compound of Formula I 
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R-(CH.), — C-CH:— N— (CH) -R^ 



NH 
I 

(CO)p 
I 

(CH2>» 
I 



I 



vtrherein 

2S 

m ISO, 1, 2, or 3; 
n isOor 1, 
o IS 0,1, or 2, 
p IS 0 or 1 . 

30 R is phenyl. 2- or 3-indolyt, 2- or 3-indolinyl. benzothtenyl. benzof uranyl. or naphthyt; 

which groups may be substituted with one or two halo. -C3 alkoxy. trif luoromethy I. -C4 alky I. phenyl-C^ - 
C3 alkoxy. or C1-C4 alkanoyi groups. 

IS tntyl. phenyl, diphenylmethyl. phenoxy. phenylthio. piperazinyl. pipendinyl. pyn^olidinyl. morpholinyl. indolinyl, 
indolyi. benzothienyl. hexamethyleneiminyl. benzofuranyi. tetrahydropyndiny). quinolinyl. isoquinotinyl, reduced 
3S quinolmyl, reduced isoquinolinyl. phenyl-(C,-C4 alky!)-. phenyl-(C,-C4 alkoxy)-. quinolinyl-(C|-C4 alkyi)-. isoquin- 
olinyl-(Ci-C4alkyl)-, reduced quinolinyl-(C,-C4alkyl)-. reduced isoquinolinyl-(C,-C4 alky I)-, benzoyKCTCjalkyI)-. 
C,-C4alkyl.or-NH-CH2-RS 

any one of which groups may be substituted with halo. C^-C4 alkyl. OyO^ alkoxy. trifluoromethyl, amino. 
40 C1-C4 alkylamino, di(Ci-C4 alkyl)amino, or C2-C4 alkanoylamino, 

or any one of whteh groups may be substituted with phenyl, piperazinyl. Cg-Cg cycloalkyl. benzyl, C,-C4 
alky], pipendinyl. pyridinyl, pynmidinyl. C2-Ce alkanoylamino. pyrrolkjinyl, C2-Ce alkanoyi. or C^-C4alkoxycar- 
bonyf 

any one of which groups n^y be substituted with halo, OyC^ alkyl. C^-C4 alkoxy. trifluoromethyl, ammo, 
45 c,-C4 alkylamino. di(C,-C4 alkyl)amino. or C2-C4 alkanoylamino; 

or R^ is amino, a leaving group, hydrogen. CyC^ alkylamino, or di(Ci-C4 alkyl)amino; 
RS is pyridyl. anilino-(Ci-C3 alkyl)-, or anilinocarbonyl, 

R2 is hydrogen. C1-C4 alkyl. C,-C4 alkylsulfonyl, carboxy-(Ci-C3 alkyl)-. C1-C3 alkoxycarbonyl-(C,-C3 alkyl)-, or 
so -CO-R^ 

Rfi is hydrogen, CyO^ alkyl, C,-C3 hafc>alkyl. phenyl. -03 alkoxy, C1-C3 hydroxyalkyl. amino. C,-C4 alkylamino, 
di(Ci-C4 alkyl)amino. or -(CH2)q-R^. 
q is 0 to 3; 

R7 is carboxy. C^-C4 alkoxycarbonyl. C,-C4 alkylcarbonyloxy, amino. C1-C4 alkylamino. di(C,-C4 alkyl)amino. C,- 
55 Cg alkoxycarbonylamino, or 

phenoxy, phenylthio. piperazinyl. piperkJinyl. pyrroldinyl. morpholinyl. indolinyl, indolyl, benzothienyl, benzofura- 
nyi. quinolinyl. isoquinolinyl, reduced quinolmyl, reduced isoquinolinyl. phenyl-(CTC4 alkyl)-. quinolinyl-(Ci-C4 
alkyl)-. isoquinolinyl-(Ci-C4 alkyl)*. reduced quinolinyt-(a,-C4 alkyl)-, reduced isoquinolinyl-(C^-C4 alkyl)-. benzoyl- 
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C^-Caalkyl; 

any one of which groups may be substiluled with halo. Influoromelhyl. C^-C^ alkoxy. C,-C4 alkyl. amino. 
C1-C4 alkylamino. di(CTC4 alkyOanuno, or C2-C4 alkanoylamino: 
5 or any one of which groups may be substituted with phenyl, piperazinyl. Ca-Ce cycloalkyt, benzyl, piperidinyl. 

pyridinyl, pynmtdinyl, pyrrolidmyt, Cs-Cg alkanoyl. or C,*C4 alkoxycarbonyl; 

any of which groups may be subslrtuted with halo, trifluoromethyl, amino. C1-C4 alkoxy. C,-Ci alkyl, C,- 
C4 alkylamino, di(Ci-C4 alkyl)amino, or C2-C4 alkanoylamino; 



10 R8 is hydrogen or C,-C6 alkyl, 

R3 is phenyl, phenyl-iC^-Ce alkyl)-. C^^Cq cyctoalkyi, Cg-Cg cycloalkenyl. C^C^ alkyl. naphthyl. Cg-Cg alkenyl. or 
hydrogen; 

any one of which groups except hydrogen may be substituted with one or two halo, 0,-63 alkoxy. C^-C^ 
alkylthk>. nitro. tnftuoromethyl. or C^-Cs alkyl groups; and 
IS R4 IS hydrogen or C, -C3 alkyl, 

with the proviso that if R' is hydrogen or halo, R^ is phenyl. phenyl-(CT-C6 alkyl)-. C^ Cq cyckaalkyl, Cj-Cq cy- 
cloalkenyl. or naphthyl. 

with the proviso that If R^ is hydrogen or halo. R^ is phenyl. phenyl-(C|-C6 alkyl)-. CyC^ cycloalkyi, C^C^ cy- 
cloalkenyl, or naphthyl. or a pharmaceuticatly acceptable salt thereof 

20 

In another embodiment, this invention encompasses the novel compounds of Formula I and the pharmaceuticatly 
acceptable salts, solvates, and prodrugs thereof, as well as pharmaceutical formulations compnsing, as an active 
ingredient, a compound of Formula I in combination with a pharmaceutk^ally acceptable carrier, diluent or excipient 
This invention also encompasses novel processes for the synthesis of the compounds of Formula I. 
2S All.temporatures stated herein are m degrees Celsius (*C). All units of measurement employed herein are in weight 

units except for liquids which are m volume units 

As used herein, the term 'Cj-Cg alkyl" refers to straight or branched, monovalent, saturated aliphatic chains of 1 
to 6 carbon atoms and includes, but is not limited to, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, t-butyl. pentyl. 
isopentyl, and hexyl. The term "C^-Ce alkyl" Includes within its definition the term 'C^-C^ alkylV 
30 "DivalentCCi -C4)alkyr represents a straight or branched divalent saturated aliphatic chain having from one to four 

carbon atoms Typical divalent(Ci-C4)alkyl groups include methylene, ethylene, propylene. 2-methylpropylene. buty- 
lene and the like 

*Halo" represents chloro. fluoro. bromo or lodo. 

"Hato(Ci-C4)alkyr represents a straight or branched alkyl chain having from one to four carbon atoms with 1, 2 
ss or 3 halogen atoms attached to it Typical halo(C| -C4)alkyl groups include chloromethyl, 2-bromoelhyl. 1 -chloroisopro- 
pyl, 3-fluoropropyl, 2,3-dibromobutyl, 3-chloroisobutyl, lodo-f-butyl, trifluoromethyl and the like 

■Hydroxy(Ci-C4)alkyr represents a straight or branched alkyl chain having from one to four cart>on atoms with 
hydroxy group attached to it Typical hydroxy(C, -C4)alkyl groups include hydroxymethyl. 2-hydroxyelhyl. 1 -hydroxyiso- 
propyl. 2-hydroxypropyl, 2-hydr(»(ybutyl. 3-hydroxyisobutyl. hydroxy-f-butyl and the like. 
40 "C^-Ce alkylthio' represents a straight or branched alkyl chain having from one to sw cartx)n atoms attached toa 

sulfur atom. Typical -Cg alkylthio groups include methylthio, ethylthio, propylthio, isopropylthio, butylthio and the like. 
The term 'O^-C^ alkylthio' includes within its definition the term "C,-C4 alkylthio' 

The term 'C2*C8 aikenyr as used herein represents a straight or branched, monovalent, unsaturated aliphatic 
Cham having from two to eigiht carbon atoms Typical Cz^C^ alkenyl groups include ethenyl (also known as vinyl), 
45 1-methylethenyl, 1 -methy 1-1 -propenyl, 1-butenyl, 1-hexehyl, 2-methyl-2-propenyl. 1-propenyl. 2-propenyl. 2-butenyl, 
2-penlenyl, and the like 

'Cs-Cg cycloalkenyl' represents a hydrocartjon ring structure containing from five to eight carbon atoms and having 
at least one double bond within that ring, whk:h is unsubstituted or substituted with 1 . 2 or 3 subsUluents independently 
selected from halo, hak)(C,-C4)alkyl. C1-C4 alkyl, 0,-64 alkoxy, carboxy, 0, -C4 alkoxycarbonyl, carbannoyl. N-(C,-C4) 
so alkylcarbamoyi, amino. C1-O4 alkylamino. di(Ci-C4)alkylamino or -(0H2)a-f^ where a is 1 , 2. 3 or 4 and R*^ is hydroxy, 
C1-C4 alkoxy, carboxy, 0,-04 alkoxycarbonyl, amino, carbamoyl, O1-O4 alkylamino or di(C,-C4)alkylanrwno. 

•C,-04 alkylamino" represents a straight or branched alkylamino cham having from or»e to four carbon atoms 
attached to an amino group Typical 0,^04 alkyl-amino groups include mcthylamino. ethylamino, propylamino. isopro- 
pylamino, butytamino, seo^utylamino and the like 
ss '01(01-04 alkyl)amino' represents a straight or branched dialkylamino cham having tv«> alkyl chains, each having 

independently from one to four carbon atoms attached to a common amino group. Typical dt(C,-C4)alkytamino groups 
include dimethylamino, ethylmethylamino methylisopropylamino, f-butylisopropylanfino, di-f-butylamino and the like 

'Arylsulfonyl* represents an aryl nrK>iety attached to a sulfonyl group "Aryl" as used in this term represents a phenyl. 
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naphthyl. heterocycle. or unsaturated helerocycle moiety which is optionally substituted with 1. 2 or 3 substituents 
independently selected from halo. halo(Ci-C4)alkyl, C^-C4 alkyl. C1-C4 alkoxy. cartx>xy. C^-C^ alkoxycarbonyl, car- 
bamoyl. N-(Ct-C4)alkylcarbamoyl. amino. C,-C4 alkylamino. di(Ci-C4)aIkylaminoor -(CHgja-R^ where a is 1. 2. 3 or 
4: and is hydroxy. C1-C4 alkoxy, carboxy. C1-C4 alkoxycarbonyl, amino, carbamoyl. C1-C4 alkylamino or di(C^*C4) 
5 alkyleimno. 

The term 'heterocycle* represents an unsubstituted or substituted stable 5- to 7-membered nrKxiocyclic or 7- to 
lO-membered btcyclic heterocyclic nnq which is saturated and which consists of carbon atoms and from one to three 
heteroatoms selected from the group consisting of nitrogen, oxygen or sulfur, and wherein the nitrogen and sulfur 
heteroatoms may optionally be oxidized, and the nitrogen heteroatom may optionally be quatemized and including a 

10 bicychc group m which any of the above-defined heterocyclic rings is fused to a benzene ring The heterocyclic ring 
may be attached at any heteroatom or carbon atom which affords a stable structure. The hetero-cycle is unsubstituted 
or substituted with 1 , 2 or 3 substituents independently selected from halo. halo(Ci -C4)-alkyl, CyC^ alkyi, C,-C4 alkoxy, 
carboxy, C1-C4 alkoxy-carbonyl. carbamoyl. N-(C^-C4)-alkylcaftamoyl, ammo, alkylamino, di(C^-C4)alkylamino 
or -(CH2)a-R^ where a is 1 . 2. 3 or 4; and Pf^ is hydroxy. -C4 alkoxy, carboxy. CyC^ alkoxycarlx)nyl, amino, carbamoyl. 
-C4 alkylamino or di(Ci-C4)alkylamino. 
Thetemn 'unsaturated heterocycle' representsan unsubstituted or substituted stable 5- to 7-member6d monocyclic 
or 7- to lO-membered bicyclic heterocyclic nng which has one or more double bonds and which consists of cartjon 
atoms and from one to three heteroatoms selected from the group consisting of nitrogen, oxygen or sulfur, and wherein 
the nitrogen and sulfur heteroatoms may optionally be oxidized, and the nitrogen heteroatom may opttonalty be quar- 

20 ternued and including a bicyclic group in which any of the above-defined heterocyclic nngs is fused to a benzene ring 
The unsaturated heterocyclk: ring may be attached at any heteroatom or carbon atom which affords a stable structure. 
The unsaturated helerocycle is unsubstituted or substituted with 1 , 2 or 3 substituents independently selected from 
halo, halo(C^-C4)alkyl, 0^-04 alkyl. C|-C4 alkoxy. carboxy. C1-C4 alkoxycarbonyl, carbamoyl. N-(Ci-C4)alkylcarbamoyl. 
amino, C,-C4 alkylamino, di(C,-C4)alkylamino or -(CHgig-R* where a is 1. 2, 3 or 4; and R« is hydroxy, C1-C4 alkoxy. 

2S carboxy. C^-C4 alkoxycarbonyl, amino, carbamoyl, -C4 alkylamino or di(C^-C4)aikylamino. 

Examples of such heterocyctes and unsaturated heterocycles include piperidinyl. piperazinyt, azepinyl, pyrrolyl, 
4-piperidonyl, pyrrolidinyl. pyrazoiyl. pyrazoiidinyl, imidazolyl. imidazolinyl. imidazolidinyl, pyridyl, pyrazinyl. pynmidinyt, 
pyndazinyl, oxazolyl. oxazolidinyt. isoxazolyl, isoxazolidinyl, morpholinyl. thiazolyl. thtazolidinyl. isothiazotyl, quinuclid- 
inyl. isolhiazolidinyl. indolyl. quinolinyl. isoquinotinyl, benzimidazolyl, thiadiazolyl, benzopyranyl, benzothiazolyl. ben- 

30 zoazolyl. furyl. tetrahydrofuryl. tetrahydropyranyl, thienyl, benzothienyl. thiamorpholinyl. thianrK)rpholinyl-6ulfoxide. thi- 
amorpholinylsulfone, oxadiazolyl, triazotyl. tetrahydroquinoiinyl. letrahydrisoqutriolinyl. 3-methylimidazolyl. 3-methox- 
ypyridyl, 4-chk>rqquinolinyl, 4-aminothiazolyl. 6-methylquinolinyl, 6-chbroquinoxalinyl. 3*ethytpyridyl, 6-methoxyben- 
zimidazolyl, 4-hydroxyfuryl, 4-methylisoquinolinyl. 6.8-dibronrKX)uinolinyl. 4.B-dimethyl-naphthyl. 2-methyl-1,2,3.4-tet- 
rahydroisoquinolinyl, N-methyl-quinolin-2-yl. 2-^butoxycarbonyM.2.3.4-^soqumolln-7•yl and the like. 

3S 'C^-Cg alkoxy' represents a straight or branched alkyl chain having from one to six carbon atoms attached to an 
oxygen atom. Typical C^-Ce alkoxy groups include methoxy, ethoxy, propoxy, isopropoxy, butoxy, r-butoxy, pentoxy 
and the like The term '^CyC^ alkoxy" includes within its definition the term 'CyC^ alkoxy" 

'C2-C6 alkanoyi" represents a straight or branched alkyl chain having from one to five carbon atoms attached to 
a carbonyl moiety Typical C2-C6 alkanoyi groups include ethanoyl. propanoyi, isopropanoyi butanoyl. f-butanoyl. pen- 

40 tanoyi, hexanoyi, 3-methylpentanoyl and the like 

'CyC^ alkoxycarbonyl' represents a straight or branched alkoxy chain having from one to four cart)on atoms 
attached to a carbonyl moiety Typical CyC^ alkoxy-carbonyl groups include methoxycarbonyl. ethoxycarbonyl. pro- 
poxycartx)nyl, isopropoxycarbonyl, butoxycarbonyl, /-butoxycarbonyl and the like 

'CyCQ cyck>alkyr represents a saturated hydrocarbon rmg structure containDig from three to eight carbon atoms 

45 which is unsubstituted or substituted with 1. 2 or 3 substituents independently selected from halo, hab(C^-C4)alkyi. 
C,-C4 alkyl. C^-C4 alkoxy, cartx>xy, C,-C4 alkoxycarbonyl, carbamoyl, N-(C^-C4)alkyk:arbamoyl. amino. C,-C4. 
alkylamino, di(Ci-C4)alkylamino or -(CH2)a-R' ^©^e a is 1 , 2, 3 or 4 and R' is hydroxy. C^-C4 alkoxy. carboxy. C,-C4 
alkoxycarbonyl, ammo, carbamoyl, C^-C4 alkylamino or di(C)-C4)alkylamino Typical C3-C3 cycloalkyi groups include 
cyclopropyl. cyctopentyl, cyclohexyt, cyctoheptyl. 3-methyl-cyclopentyl, 4-ethoxycyck)hexyl. 4-carboxycycbheptyl. 

so 2-chlorocyclohexyl, cyctobutyl. cyckxxtyl, and the like. 

The term "ammo-protect tng group" as used m the specification refers to substituents of the amino group commonly 
employed to block or protect the amino functionality while reacting other functional groups on the compound. Examples 
of such amino-protectmg groups include formyl, trityl, phlhattmido, trichbroacctyl. chloroacetyl, bromoacetyl. 10- 
doacetyl. and urethane-type blocking groups such as benzyloxycartx>nyl. 4-phenylbenzyloxycarbonyl, 2-melhylben- 

55 zyloxycarbonyl, 4-methoxybenzyloxycarbonyl, 4-fluorobenzyloxycartx>nyl, 4-chk>robenzyloxycartx>nyl. 3<h!orobenzy- 
loxycarbonyl. 2-chlorobenzyk3xycarbonyl, 2>4-dichk>robenzybxycarbonyl. 4-bromobenzybxycarbonyl. 3-bromobenzy- 
k)xycarbonyl, 4-nitrobenzyk>xycarbonyl. 4-cyanobenzyloxycarbonyl. r-butoxycartx>nyl, l,1-diphenyleth-1-yloxycarbo- 
nyi. 1,1-diphenylprop-1-yloxycartX3nyl, 2-phenylprop-2-yk>xycark}onyl, 2-(p-toluyl)-prDp-2-ybxycarbonyl..cyctopentan- 
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ybxycarbony I. 1 -methylcyclopentanyloxycarbonyl. cyclohexanyloxycartxmy I. 1 -methylcyclohexanylQxycarbonyl. 
2-melhylcyclohexanyloxycarbonyl, 2-(4-to!uylsulfonyI)-ethoxycartx)nyl. 2-(melhylsulfonyl)elhoxycarbonyl. 2-(lriphe- 
nylphosphino)-elhoxycarbonyl, fiuorenylmelhoxy-cartx)nyl ("FMOC"). 2-Urimelhylsilyl )ethoxycarbonyl. allyloxycarbo- 
ny(. l-{lrimethylsilylmelhyl)pfop-l-enyloxycarbonyl, S-benzisoxalylmethoxycarbonyl. 4-acetoxyben2yloxycartx>nyl, 
s 2,2.2-lnchloroethoxycarbonyl 2-ethynyl-2-propoxycart)onyl. cyclopropylmethoxycarbonyl. 4-(decyloxy)ben2ytoxycar- 
bonyt. isobornybxycarbonyl. 1-ptpendyloxycart>onyl and the like; benzoylmethylsulfonyl group. 2-nitrophenylsu1fenyt. 
diphenylphosphine oxide and like amino^rotecting groups. The species of amino-protecting group employed is usually 
not critical so long as the derivatized amino group is stable to the condition of subsequent reactk^is on other positions 
of the intermediate molecule and can be selectively removed at the appropriate point without disrupting the remainder 
10 of the nnolecule including any other aminoi)rotecting groups. Preferred amino-protecting groups are tnlyl, /-butoxycar- 
bonyl (f-BOC), allyloxycarbonyl and benzyloxycarbonyl. Further examples of groups referred to by the above terms 
are described by E Haslam, 'Protective Groups In Organic Chemistry", (J.G.W. McOmie. ed., 1973), at Chapter 2; 
and T W. Greene and P.G.M Wuts, 'Protective Groups in Organic Synthesis' (1991). at Chapter 7 

The term *carboxyi3rotecting group" as used in the specification refers to substituents of the carboxy group corn- 
's monly employed to block or protect the carboxy functionality while reacting other functional groups on the compound. 
Examples ot such cartwxy-protecling groups include methyl, p-nilrobenzyl, p-methylbenzyl, p-methoxy-benzyl, 
3.4-dimethoxybenzyl, 2,4-dimethoxybenzyl. 2.4.6-trimethoxybenzyl, 2.4.6-trimethylbenzyl, pentamethylbenzyl. 
3.4-methylene-dioxybenzyl, benzhydryl, 4.4'-dimethoxy-benzhydfyl. 2,2' 4.4'-tetramethoxyben2hydryl, r-butyl. r-amyl, 
trityl. 4-methoxylrityl. 4,4'-dimethoxytnlyl. 4,4',4"-trimethoxyirityl, 2-phenylprop-2-yl. irimethylsilyl, f-butyWimethylsilyl, 
20 phenacyl. 2,2.2-lrichk)roelhyl. 2-(di(n-bulyl)methylsilyl)ethyl. p-toluenesulfonylelhyl. 4-nilrobenzylsulfonytelhyl, allyl, 
cinnamyl. 1 -(trimethylsitylmethyl)prop- 1 -en-d-yl and like moieties Preferred carboxy-protecttng groups are allyl. benzyl 
and (-butyl Further examples of these groups are found in E Haslam, supra , at Chapter 5. and T.W. Greene, etaj.. 
supra , at Chapter 5 

The temn 'leaving group" as used herein refers to a group of atoms that is displaced from a carbon atom by the 

25 attack of a nucloophilo in a nucloophilic substitution reaction. The term 'leaving group" as used in this document en- 
compasses, but IS not limited to. activating groups 

The term 'activating group" as used herein refers a leaving group which, when taken with the carbonyl (-C^O) 
group to which it is attached, is more likely to take part in an acylatk^n reaction than would be the case if the group 
were not present, as in the free acid. Such activating groups are well-known to those skilled in the art and may be, for 

30 example, succintmidoxy. phthalimtdoxy. benzotnazolybxy, benzenesulfonytoxy, methanesulfonyloxy. toluenesulfony- 
loxy. azido. or -0-CO-(C4-C7 alkyi). 

The compounds used in the method of the present invention have multiple asymmetric centers As a consequence 
of these chiral centers, the compounds of the present Inventbn occur as racemates. mixtures of enantiomers and as 
individual enantiomers, as well as diastereomers and mixtures of diastereomers All asymmetric forms, individual iso- 

35 mersandcombinations thereof, are within the scope of the present inventnn 

The terms "R" and 'S' are used herein as commonly used in organic chemistry to denote specific conflguralfon of 
a chiral center. The term 'R" {rectus) refers to that configuration of a chiral center with a clockwise relationship of group 
priorities (highest to second bwest) when viewed along the bond toward the lowest prk>rity group. The term "S" (sinister) 
refers to that configuration of a chiral center with a counterclockwise relationship of group prtorities (highest to second 

40 lowest) when viewed akxig the bond toward the bwest priority group. The priority of groups is based upon their atomic 
number (in order of decreasing atomic number) A partial list of priorities and a discussion of stereochemistry is con* 
tained in "Nomenclature of Organic (Compounds: Principles and Practice". (J.H Fletcher, et aL . eds . 1974) at pages 
103-120. 

In addition to the (R)-(S) system, the older D-L system is also used in this document to denote absolute configu- 

45 ration, especially with reference to amino acids. In this system a Fischer projection formula is oriented so that the 
number 1 cart)on ot the mam chain is at the top The prefix 'D* is used to represent the absolute configuration of the 
isomer in which the functional (determining) group Is on the nght side of the carbon atom at the chiral center and "L", 
that of the isomer tn which il is on the left 

As noted supra , this invention encompasses methods employing the pharmaceutlcally acceptat»le salts of the 
so compounds defined by Formula I. A compound of this invention can possess a sufficiently acidic, a sufficiently basic, 
or both functional groups, and accordingly react with any of a number ot organic and inorganic bases, and inorganic 
and organic acids, to form a pharmaceutlcally acceptable salt. 

The term "pharmaceutically acceptable salt" as used herein, refers to salts of the compounds of the above formula 
which are substantially non-toxic to living organisms. Typical pharmaceutically acceptable salts include those salts 
55 prepared by reaction of the compounds of the present invention with a pharmaceutically acceptable mineral or organic 
acid or an organic or inorganic base Such salts are known as acid addition and base addition salts. 

Acids commonly employed to form acid addition salts are inorganic acids such as hydrochloric acid, hydrobromic 
acid, hydroiodic acid, sulfuric acid, phosphoric acid, and the like, and organic acids such asp-totuenesuHonic, meth- 
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ane&ulfontc acid, oxalic acid, p-bromophenylsulfonic acid, carbonic acid, succinic acid, citric acid, benzoic acid, acetic 
acid, and the like Examples of such pharnnaceutically acceptable salts are the sulfate, pyrosulfate. bisulfate. sulfite, 
bisulfite, phosphate, monohydrogenphosphate, <dihydrogenphosphate. metaphosphate. pyrophosphate, bromide, io- 
dide, acetate, propionate, decanoate, caprylate. acrylate. formate, hydrochloride, dihydrochtoride. isobutyrate. 
5 caproate. heptanoate. propiolate. oxalate, malonate. succinate, suberate, sebacate, fumarate. nnaleate. butyne-1 .4-dh 
oate, hexyne-1,6-dioate. benzoate. chlorobenzoate, nnethyibenzoate, hydroxybenzoate. methoxybenzoate. phthalate. 
xylenesulfonate. phenylacetate. phenylpropionate. phenylbutyrate, citrate, lactate, Y*hydroxybutyrate. glycolate, tar- 
trate, methanesulfonate. propanesulfonate. naphthalene-1 -sulfonate, napththalene-2-sulfonate. mandelate and the 
like Preferred pharmaceutically acceptable acid additkin salts are those formed with mineral acids such as hydrochtoric 
10 acid and hydrobromic acid, and those formed with organic acids such as maleic acid and methanesulfonic acid 

Base addltkm salts include those derived from inorganic bases, such as antmonium or alkali or alkaline earth metal 
hydroxides, carbonates, bicartxxiates. and the like. Such bases useful in preparing the salts of this invention thus 
Include sodium hydroxide, potassium hydroxide, ammonium hydroxide, potassium carbonate, sodium carbonate, so- 
dium bicarbonate, potassium bicarbonate, calcium hydroxide. cak:ium carbonate, and the like. The potassium and 
15 sodium salt forms are particularly preferred. 

It should be recognized that the particular counterion forming a part of any salt of this invention is usually not of a 
cntical nature, so bng as the salt as a whole is pharmacologically acceptable and as long as the counterion does not 
contribute undesired qualities to the salt as a whole 

This invention further encompasses methods employing the pharmaceutically acceptable solvates of the com- 
20 pounds of Formulas 1 Many ol the Formula I compounds can combine with sotvenls such as water, methanol, elhanol 
and acetonitrile to form pharmaceutically acceptable solvates such as the corresponding hydrate, methanolate. eth- 
anolate and acetonitrilate. 

The especially preferred compounds used in the methods of this invention are those of Formula I wherein 

2S a) R is substituted or unsubstituted 2- or 3-indolyt. phenyl, or naphthyl; 

b) n 18 1 ; 

c) IS phenyl, substituted phenyl, piperidinyl. substituted piperidinyl, piperazinyl. substituted piperazinyl, pyrro- 
lidinyl, pyndyl, benzoyl, or morpholinyl, 

d) R2 is -CO-R^, C,-C4 alkylsulfonyl, or C^-Cg alkoxycarbonyl-(C,-C3alkyl)-, 

30 e) R3 is phenyl, substituted phenyl, Cq-Cq cycloalky I. substituted C3-C3 cycloaiky I, naphthyl or substituted naphthyl. 

and 

f ) 18 hydrogen or methyl 

A nfX)st preferred group of compounds used in the methods of this invention are those of Formula I wherein R is 
35 optionally substituted indoiyi, R^ is substituted piperidinyl or substituted piperazinyl. R^ is hydrogen and R^ is acetyl 
or methylsulfonyl Another preferred group of compounds used in the methods of this invention are those of Formula 
I wherein R is naphthyl, R^ is optionally substituted phenyl, substituted piperidinyl or substituted piperazinyl, RP is acetyl 
or methylsulfonyl. and is phenyl or substituted phenyl. 

The especially preferred compounds of this invention are those of Fonrnula I wherein 

40 

a) R Is substituted or unsubstituted 2- or 3-indotyl. phenyl, or naphthyl, 

b) n is 1 ; 

c) R^ is trityl. phenyl, substituted phenyl, piperidinyl. substituted piperidinyl, piperazinyl, substituted piperazinyl, 
pyrrolidinyl. pyndyl, benzoyl, or morpholinyl. 

45 d) R2 is -COR®, C,-C4 alkylsulfonyl, or C1-C3 alkoxycarbonyl-CC^-Cs alkyi)-, 

e) R3 is phenyl, substituted phenyl, 03-03 cycloalkyl. substituted CyC^ cyctoalkyi, naphthyl or substituted naphthyl, 
and 

f) R^ IS hydrogen or methyl 

so The Single noost preferred compound empk>yed in the methods of the present invention is (R)-3-(1 H-indol-3-yl)-1 - 

(N-(2-methoxybenzyl)acetylamino]-2-[N-(2-(4-(piperidin-1-yi)piperidin-1-yl)acetyl)amino]propane dihydrochtoride tri- 
hydrate 



55 
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ZUCl 

•3H20 

15 

me synthesis of which is described in United Slates Patent 5.530.009. issued June 25. 1996, the entire contents of 
which are herein incorporated by reference. 

The compounds of the present invention can be prepared by a variety of procedures well known to those of ordinary 

20 skill in the art. The particular order of steps required lo produce the compounds of Formula I is dependent upon the 
particular compound being synthesized, the starting compound, and the relative lability of the substituted moieties 

Examples of such protocols are depicted in Schemes I through IV The coupling of the substituted amme lo the 
compound of Fomiula II (Method A) can be performed by many means known in the art, the particular methods em- 
ployed being dependent upon the particular compound of Formula II which is used as the starting matenal and the 

2S typo of substituted ammo used in the coupling reaction Those coupling reactions frequently employ commonly used 
coupling reagents such as 1,1-carbonyl diimidazole, dicyclohexylcafbodiimide. diethyl azodicarboxylate. 1-hydroxy- 
benzotriazole. alkyi chtorofomiate and Inelhylamine. phenyldichlorophosphate. and chlorosulfonyl isocyanate. Exam- 
ples of these methods are described infra . After deprotectbn of the ammo group, the compounds of Formula III are 
obtained 

30 The compound of Formula III is then reduced, converting the amide into an amine (Method B). Amides can be 
reduced to amines using procedures well known in the art. These reductions can be performed using hthlum aluminum 
hydride as well as by use of many other different aluminum-based hydrides. Alternatively, the amides can be reduced 
by catalytic hydrogenation. though high temperatures and pressures are usually required for this Sodium borohydride 
in combination with other reagents may be used to reduce the amkJe. Borane complexes, such as a borane dimethyl- 

3S sulfide complex, are especially useful In this reduction reaction 

The next step in Scheme I (Method C) is the selective acylation of the pnmary amine using standard methods, as 
typified by Method C Because of the higher steric demand of the secondary amine, the pnmary amine is readily 
available for selective substitution. 

This acylation can be done using any of a large number of techniques regularly employed by those skilled in organic 

40 chemistry One such reactbn scheme is a substitution using an anhydride such as acetic anhydride. Another reaction 
scheme often emptoyed to acylate a pnmary amine employs a carboxylic acid preferably with an activating agent as 
described for Method A. supra An amino-de-alkoxylation type of reaction uses esters as a means of acylatmg the 
primary amine Activated esters which are attenuated lo provide enhanced selectivity are very efficient acylatmg agents 

45 
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Primary amines can also be acylated using amides to peiform what is essentially an exchange reaction This, 
reaction is usually carried out with the salt of the amine. Boron trifluoride, usually in the form of a boron trifluoride diethyl 
ether complex, is frequently added to this reaction to complex with the leaving ammonia 

The next procedure is one of substitution of the secondary amine (Method D) For most of the compounds of 
Formula I this substitution is one of alkylation acylation. or sulfonation. This substitution is usually accomplished using 
well recognized means Typically, alkylations can be achieved using alkyi halldes and the like as well as the well-known 
reductive alkylation methods as seen in Method G. Scheme II. supra , empksying aldehydes or ketones. Many of the 
acylating reaction protocols discussed supra efficiently acylate the secondary amine as well. AlkyI- and aryl-sulfonyl 
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chlorides can be employed to sulfonate the secondaiy amine. 

In many instances one of the later steps m the synthesis of the compounds of Formula I is the removal of an ammo- 
or carboxy-protecting group Such procedures, which vary, depending upon the type of protecting group employed as 
well as the relative lability of other moieties on the compound, are described in detail in many standard references 
5 works such as TW Greene, et al . Protective Groups m Organic Synthesis (1991). 

Schemes II and III depict alternative protocols and strategies for the synthesis of the compounds of Formula I 
Many of the individual reactions are simitar to those described in Scheme 1 but the reactions of Schemes II and 111 are 
done m a different, but yet well known to those skilled in the art, senes of steps. 
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wherein coupled with the carbonyi group to which it is attached is equal to R2. 
ss In order to preferentially prepare one optical isomer over its enantiomer, the skilled practitioner can proceed by 

one of two routes. The practitioner may first prepare the mixture of enantiomers and then separate the two enantiomers 
A commonly employed method for the resolution of the racemic mixture (or mixture of enantiomers) into the individual 
enantiomers is to first convert the enantiomers to diastereomers by way of forming a salt with an optically active salt 
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or base. These diastereomers can then be separated using differential solubility, fractional crystallization, chronnatog* 
raphy. or like methods. Further details regarding resolution of enantiomeric mixtures can be found in J Jacques, etal,. 
"Enantiomers. Racemales. and Resolutions". (1591) 

In addition to the schemes described above, the practitioner of this invention may also choose an enantiospecitic 
5 protocol for the preparation of the compounds of Formula I Scheme I V. infra , depicts a typical such synthetic reaction 
design which maintains the chiral center present m the starting maleral in a desired orientation, m this case in the "R* 
configuration. These reaction schemes usually produce compounds m which greater than 95 percent of the title product 
IS the desired enantiomer. 

Many of the synthetic steps employed in Scheme IV are the same as used in other schemes, especially Scheme til. 
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The following depicts representative examples of reaction conditions employed in the preparation of the com- 
pounds of Formula I. 
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Method A 

Coupling of carfooxylic acid and primary amine to form amide 

5 Preparation of 2-r-butoxycarbonylamino-3-{1 H-indol-3-yl)-N-(2-melhoxyben2yl )propanamide 

To a solution of N-(/-butoxycartX5nyl)tryplophan (46.4 g, 152.6 mmoles) in 500 ml of dioxane was added cart)onyl 
diimidazoie (25.4 g. 156 mmoles) in a portionwise manner. The resulting mixture was stirred for alx>ul 2 5 hours at 
room temperature and then stirred at 45*C for 30 minutes. Next. 2-methoxybenzylamine (20 7 ml. 158.7 mmoies) was 
10 added and the reaction mixture was then stirred for 16 hours at room temperature 

The dioxane was removed under reduced pressure. The product was partitioned between ethyl acetate and water 
and was washed successively with 1 N hydrochloric acid, saturated sodium bicartwnate solution, water, and bnne. 
followed by drying over sodium sulfate and removal of the solvent Final crystallization from methanol yielded 52.2 g 
of homogeneous product as yellow crystals. Yield 80.8% m p 157-160*0. 

75 

Deprotection of primary amine 

Synthesis of 2-amino-3-(1 H-indol-3-yl)-N-(2-methoxybenzyl )propanamlde 

20 To a mixture of the 2-f-buloxycarbonylamino-3-( 1 H-indol-3-yl)-N-(2'melhoxybenzyl)propanamlde prepared supra 
(25.1 g, 59.2 mmoles) and anisole (12 ml. 110 4 mmoles) at 0*^0 was added dropwise an aqueous solution of trifluor- 
oacetic acid (118 ml. 1 .53 moles) in 50 ml of water. This mixture was stirred for one hour at 0°C, followed by stirring 
for about 2 5 hours at ambient temperature. The mixture was then refrigerated for about 1 6 hours. 

The volatiles were removed under reduced pressure. The product was partitioned between ethyl acetate and sat- 

2S urated sodium bicarbonate solution and was then washed with water followed by bnno and then dried over sodium 
sulfate The solvents were removed in vacuo Recrystallization f rom a 1 1 diethyl ether/cyclohexane solution, yielded 
18.0 g (94.2%) of homogeneous product as an off-white powder m p 104-108*0 

Method B 

30 

Reduction of amide carbonyl 

Synthesis of 2-amino-3-(1 H-indol-3-yl)-1 ^N-(2-methoxybenzyl )amino]propane 

3$ To a refluxing solution of 2-amino-3-(1H-tndol-3-yl)-N-(2-methoxyben2yl)propanamide (9.81 g. 30.3 mmoles), pre- 
pared as described supra , in 100 ml of anhydrous tetrahydrofuran was added dropwise a lOM borane-methyl sulfide 
complex (9 1 ml. 91 .0 mmoles). The resulting mixture was refluxed for about 2 hours The mixture was cooled to room 
temperature and the excess borane was quenched by the dropwise addition of 160 ml of methanol. The resulting 
mixture was refluxed for 15 minutes and the methanol was removed under reduced pressure. 

40 The residue was dissolved in a saturated methanol solution of hydrochloric acid (250 ml) and the solution refluxed 
for about 1 hour. The methanol was renrxDved in vacuo and the product was isolated the addition of 5 N sodium hydroxide 
followed by extraction with diethyl ether. The product was then dried over sodium sulfate. The solvents were removed 
in vacuo Flash chromatography (silica gel, eluting with methanol:methylene chiortdeiammonium hydroxide. 10*100 
0 5) provided 7 1 g of a mixture of the title compound (75%) and the indoline derivative of the title product (25%) as 

45 an amber oil 

Method C 

Acylation of primary amine 

$0 

Preparation of 3-( 1 H-indol-3-yl)-1 -{N-(2-methoxybenzyl)amino]-2-[N-(2-((4-phenyl)piperazin-1 -yl)acetyl)amino] 
propane 

[Compound of Example 17] 

55 

A mixture of 2-((4-phenyl)piperazin-1 -yOacetic acid, sodium salt (1 .64 g, 6.8 mrrwles) and tnethylamine hydrobro- 
mide (1.24 g. 6.8 mmoles) in 35 ml of anhydrous dimethylformamide was heated to 50°G and remained at that tem- 
perature for about 35 minutes The mixture was allowed to cool to room temperature 1 .1 -Carbonyl diimidazoie (1 05 
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g. 6 5 mmoles) and 10 ml of anhydrous dimethylfomnamide were added to the mixture The resulting mixture was stirred 
for aljout 3 hours at room temperature 

A solution of the 2-amino-3-(lH-indol-3-yl)-HN-(2-methoxybenzyl)amino]propane (75%) and the indoline deriva- 
live (25%) prepared supra , dissolved in 10 ml of anhydrous dimethylformamide was added to the previous reaction 



5 mixture. TTie resulting mixture was stirred for about 16 hours at room temperature. The dmethylfonmamlde was re- 
moved under reduced pressure. 

The title product and its indoline derivative were partitioned l>etween ethyl acetate and water and then washed 
with brine, and dried over sodium sulfate The solvents were removed in vacuo . This process yielded 3 2 g of a mixture 
of the title compound and its Indoline derivative as a yellow oil These two compounds were then separated using high 

TO performance liquid chromatography using a reverse phase column followed by a silica gel column to give the title 
product (5.2 % yield) as a yellow foam 



Preparation of i-|N-ethoxycarbonyl4>l-{2-methoxybenzyl)amino]-3-(1HHndol-3-yl)-2-|N-(2-{(4-phenyl)pipera2in-V 
acetyl)amino]propane 

20 [Compound of Example 28] 

To a solution of the 3-(1H-indol-3-yl)-l-[N-(2-methoxybenzyl)amino]-2-[N-(2-((4-phenyl)pipera2in-1-yl)acetyl)ami- 
nojpropane (0.43 g. 0 85 mmole) and tnethylamine (IX ^1, 0.93 mmole) in 5 ml of anhydrous tetrahydrofuran. was 
added dropwise ethylchloroformate (89 ^1. 0.93 nvnole). The resulting mixture was stirred for at>out 16 hours at room 
2S temperature The tetrahydrofuran was removed under reduced pressure. 

The acylated product was partitioned between ethyl acetate and 0 2 N sodium hydroxide, and was then washed 
with water and brine successively, then dried over sodium sulfate. Flash chromatography (silica get, nrmthanokmeth- 
ylene chloride. 2.5 97 5) provided 390 mg of homogeneous title product as a white foam. 

30 Preparatbn of 3-(1 H-indol-3-yl)-1 -{N-(2-methoxybenzyl)-N-(methylaminoca(bonyl)aminol-2-(N-(2-((4-phenyl) 
piperazin-l-yl)acetyl)amtno]propane 

[Compound of Example 29] 

3S To a room temperature solution of 3-(1 H-indol-3-yl)-l -(N-(2-methoxybenzyl)amino]-2-(N-(2-((4-phenyl)pipera2in- 
1-yl)acelyl)amtno]propane (0 40 g, 0.78 mmole) m 10 ml of anhydrous tetrahydrofuran was added dropwise methyl 
isocyanate (140 pi, 2.3 mmoles). The resulting mixture was then stirred for 16 hours at room temperature. The tetrahy- 
drofuran was removed in vacuo . The title product was isolated by consecutive washes with ethyl acetate, water, and 
bnne, and then dried over sodium sulfate. Flash chromatography using silica gel and a methanol/hnethylene chbride 

40 (5/95) etuant provided 396 mg of the homogeneous product as a yellow oil. 

Alkylation of Secondary Amine 

Preparation of 1 -|N-ethyi-N-(2-methoxyben2yl)aminoJ-3-(l H-indol-3-yl)-2-|N-(2-((4-phenyl)piperazin-1 •yl)acetyl) 
45 amino]propane 

[Compound of Example 9] 

To a room temperature solution of 3-(1H-indol-3-yl)-l-[N-(2-methoxybenzyl)amino]-2-(N-(2-({4-phenyl)pipera2in- 
so 1 -y|)acetyl)amino]propane (0.41 g. 0 60 mmole) in 5 ml of anhydrous N.N-dimethylfomnamide were added ethyl ndide 
(120 pi. 1.5 mmoles) and potassium caibonate (120 mg, 0.67 mmole) This mixture was then heated to SO^C and 
maintained at that temperature lor about 4 hours after which it was stirred at room temperature for about 16 hours 
The N.N-dimethylformamide was then removed under reduced pressure. The product was partitioned between ethyl 
acetate and water, and then washed with brine, before drying over sodium sulfate The solvents were removed in 
55 vacuo . Preparative thin layer chromatography provided 360 mg of the title product as a yeHow foann 



Method D 
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Method E 

Reduction of the carbonyl of an amide , 

5 Preparation of 1 .2-diamino-3-(1 HHndol-3^l)propane 

Boron trifluortde elherate (12 3 ml. 0 1 mmole) was added tea telrahydrofuran (24.4 ml) solution of tryptophan 
amide (20.3 g, 0 1 mole) at room temperature with stirring At reflux with constant stirring, borane methylsulfide (32.25 
ml. 0.34 mole) was added dropwise The reaction was heated at reflux with stirring for five hours. A tetrahydrofuran 
10 water moaure (26 ml, 1.1 ) was carefully added dropwise A sodium hydroxide solution (160 ml, 5N) was added and 
the mixture heated at reflux with stirring for sixteen hours 

The layers of the cooled mixture were separated and the aqueous was extracted twice with 40 ml each of tetrahy- 
drofuran These combined tetrahydrofuran extracts were evaporated. Ethyl acetate (800 ml) was added and this so- 
lution was washed three times with 80 ml saturated sodium chloride solution The ethyl acetate extract was dned over 
IS sodium sulfate, filtered and evaporated to yield 16 4 g (97%) of the title compound 

Protection of primary amine 

Preparation of the 2-amino-l -r-butoxycarbony lamino-3-(i H-tndol-3-yl)propane 

20 

Di-r-butyldicarbonate (0.90 ml, 3.9 mmoles) m 10 ml of tetrahydrofuran was added dropwise at room temperature 
to the 1,2-diamino-3-(1H-indol-3-yl)propane (1 06 g, 5 6 mmoles) produced supra , which was dissolved in 28 ml of 
tetrahydrofuran. This dropwise addition occurred over a 5 hour period The solvent was evaporated. Flash chromatog- 
raphy using ethanol/ammonium hydroxide/ethylacetate yielded 0.51 g (1 76 mmoles, 31%) of the desired carbamate 

2S 

Acylatlon of the secondary amine 

Preparation of 1 -f-butoxycarbonylamino-3-(1 H-indol-3-yl)-2-(N-(2-((4-phenyl)pipera2in-1 -yl)acetyl)amino]propane 
30 [Compound of Example 151] 

A slurry of 2:((4-phenyl)piperazin-1-yl)acetlc acid (2.47 g, 11 .2 mmoles) and tnethylamine (3.1 3 ml. 22 5 mnrrales) 
in acetonitnle (1200 ml) was heated to reflux briefly with stirring. While the resulting solution was still warm carbonyl- 
diimidazole (1 82 g. 11 2 mmoles) was added and the mixture was heated at reflux for 10 minutes. The 2-amino- 1-f- 
35 butoxycarbonylamtno-3-(1H-indol-3yl)-propane (3 25 g, 112 mmoles) in 50 ml of acetonttrlle was then added to the . 
reaction. The resulting mixture was refluxed with stirring for 30 minutes and was then stirred at room temperature 
overnight 

The reactbn mixture was then refluxed with stirring for 6 hours and the solvent was then removed in vacuo . The 
resulting oil was washed with a sodium carbonate solution, followed by six washes with water, which was followed by 
40 a wash with a saturated sodium chloride solution The resulting liquid was dried over sodium sulfate and filtered The 
retained residue was then dried in vacuo The filtrate was reduced in volume and then partially purified by chromatog- 
raphy. The sample from the chromatograaphy was pooled with the residue retained by the filter, combining for 3.94 
grams (72% yield) of the title product. 

45 Method F 

Deproteetlon of Primary Amine 

Synthesis of 1 -amino-3-( 1 H-indol-3-yl)-2-IN-(2-((4-phenyl)pipefa2ln-1 -yl)acety l)aminolpropane 

so 

[Compound of Example 1 50] 

To an ice cold soution of 70% aqueous trifluoroacetic acid (2.8 ml of trifluoroacetic acid in 4.0 mi total volume) 
were added l-/-butoxycarbonylamino-3-(1HHndol-3-yl)-2-[N-(2-((4-phenyl)pipera2in-1-yl)acetyl)aminoJpropane (0.80 
55 g, 1 .63 mmoles) and anisole (0.4 ml). This mixture was stirred for 35 minutes, resulting in a clear solution. The solution 
was then stirred for an additional hour and then evaporated 

Ethyl acetate was then added to the resulting liquid, followed by a wash with a sodium carbonate solution. This 
wash was then followed by three washes with a saturated sodium chloride solution The resulting solution was then 
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dried over soldium sulfate, filtered and evaporated, resulting In 0.576 g (90% yield) of the title producl 
Method G 

5 Reductive Alkylatlon of Primary Amine 

Preparation of l-IN-(2-clilorobenzyl)aminol-3-(1H-incloI-3-yl )-2-fN-(2-((4i>henyl)pipera2in-1-yl)acelyl)aminol 
propane 

10 [Compound of Example 2] 

2-Chlorobenzaldehyde (0.112 g. 0 8 mmole) was combined with the ^amlno-3-(1H-indol-3-yl)-2^N-(2-((4-phe^yI) 
piperazin-1-yl)acetyl)aminolpropane (0 156 g. 0.398 mmole) in toluene The resulting mixture was then stirred and 
warmed, and then evaporated Toluene was then added to the residue and this mature was again evaporated let- 
IS rahydrof uran was added to the residue and the mixture was then cooled in an ice bath. 

Sodium cyanoborohydnde (0 025 g, 0 4 mmole) was then added to the reaction mixture. Gaseous hydrogen chlo- 
ride was periodically added above the liquid mixture. The mixture was stirred at room temperature for 16 hours and 
then reduced In volume in vacuo . 

A dilute hydrochloric acid solution was then added to the residue and the solution was then extracted twice with 
20 ether The acidic aqueous exlracl was basified by the dropwise addition of 5N sodium hydroxide This t»asified solution 
was then extracted three times with ethyl acetate The combined ethyl acetate washes were washed with a saturated 
sodium chloride solution, dried over sodium sulfate, filtered and evaporated. This process was followed by chronna- 
tography yielding 0 163 g (79% yield) of the title product. 

25 Method H 

Tritylation 

Preparation of 3-(1 H-indol-3-yl)-2-(N-triphenylmethylamino )propanamide. 

30 

Tryptophan amide (26.43 g. 0 130 mole) was suspended in 260 ml of methylene chloride and this mixture was 
flushed with nitrogen and then put under argon Trityl chlonde (38.06 g. 0 1 36 mole) was dissolved in 75 ml of methylene 
chloride. The trityl chloride solution was slowly added to the tryptophan amide solution which sat m an ice bath, the 
addition taking about 25 minutes The reaction mixture was then allowed to stir ovenight. 

as The reaction mixture was then poured into a separation funnel and was washed with 250 ml of water, followed by 

250 ml of brine. As the organic layer was filtering through sodium sulfate to dry, a solid precipitated. The filtrate was 
collected and the solvent was evaporated. 

Ethyl acetate was then added to the pooled solid and this mixture was stirred and then refrigerated overnight. The 
next day the resulting solid was washed several times with cold ethyl acetate and then dried jnvacuo Yield 49.76 g 

40 (85.9%) 

Reduction of Carbonyl 

Preparation of l-am!no-3-(1H-indol-3-yl)-2-(N-triphenylmethylamino)propane 

Under argon the 3-(1H-indoI-3-yl)-2-(N-tnphenylmethylamino)propanamide (48,46 g. 0.108 mole) was suspended 
in 270 ml of tetrahydrofuran. This mixture was then healed to reflux Borane-methyl sulfide complex (41 3 g, 0 543 
mole) was then sbwiy added to the reaction mixture All of the starting amide dissolved during the addition of the 
borane-methyl sulfide complex This solution was then stirred overnight m an 83»C oil bath. 

so After cooling a 1 : 1 mixture of tetrahydrof uran: water (75 ml total) was then added to the solution. Sodium hydroxide 

(5N, 230 ml) was then added to the mixture, which was then heated to reflux for about 30 minutes 

After partitioning the aqueous and organic layers, the organic layer was collected. The aqueous layer was then 
extracted with tetrahydrof uran The organic layers were combined and the solvents were then renx>ved by evaporation 
The resulting liquid was then partitioned between ethyl acetate and brine and was washed a second time with brine. 

ss The solution was then dried over sodium sulfate and the solvents were removed in vacuo to yield 48.68 grams of the 
desired intermediate. 
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Substitution of primary amine 

Preparation of 1 -(N-(2'fnethoxybenzyl)amino]-3^1 M*indol-3-yl)-2-(N-triphenylmethylamino)pfopane 

s To a mixture of l-amino-3-(1H-indol-3-y()-2-(N-triphenylmethylamino)propane (48.68 g. 0 109 mole) dissolved in 

toluene (1 131) was added 2-methoxybenzaldehyde (23 12 g, 0 169 mole), the 2-methoxybenzaldehyde having been 
. previously purified by base wash The reaction mixture was stirred overnight The solvents were then removed in vacuo . 
The recovered solid was dissolved in 376 ml of a 1 : 1 tetrahydrof uran methanol mixture. To this solution was added 
sodium borohydnde (6 83 g. 0 1 80 mole) This mixture was stirred on ice for about 4 hours The solvents were removed 
10 by evaporation. The remaining liquid was partitioned between 1 200 ml of ethyl acetate and 1 000 ml of a 1 :1 bnne:20N 
sodium hydroxide solution This was extracted twice with 500 ml of ethyl acetate each and then dried over sodium 
sulfate The solvents were then removed by evaporation overnight, yielding 67.60 grams (>9d% yield) of the desired 
product. 

IS Method J 

Tritylatlon 

Preparation of 3-(l H-indol*3-yl)*2-(N-tnphenylmethylamlno)propanotc acid (N-trityltryptophan] 

20 

Chlorotrimethylsilane (70 0 ml, 0.527 moles) was added at a moderate rate to a stirring slurry of tryptophan (100.0 
g, 0.490 mole) in anhydrous methylene chlonde (800 ml) under a nitrogen atmosphere. This mixture was continuously 
stirred tor 4.25 hours Triethylamtne (147 0 ml, 1 055 moles) was added followed by the addition of a solution oftnphe- 
nylmethyl chloride (147.0 g. 0.552 mole) in methylene chloride (400 ml) using an addition funnel The mixture was 

2S stirred at room temperature, under a nitrogen atmosphere for at least 20 hours Tho reaction was quenched by tho 
addition of methanol (500 ml) 

The solution was concentrated on a rotary evaporator to near dryness and the mixture was redissolved in methylene 
chloride and ethyl acetate An aqueous work-up Involving a 5% citric actd solution (2X) and bnne (2X) was then per- 
formed. The organic layer was dried over anhydrous sodium sulfate, filtered, and concentrated to dryness on a rotary 

30 evaporator The solid was dissolved in hot diethyl ether followed by the addition of hexanes to promote crystallization. 
By this process 173.6 g (0 389 mole) of analytically pure 3-(1HHndol-3-yl)-2-(N-tnphenylmethylamino)propanoic acid 
was isolated as a light tan solid m two crops giving a total of 79% yield. 

Coupling 

35 

Preparation of 3-(1 H-indol-3-yl)-N-(2-methoxybenzyl)-2-(N-tnphenylmethylamino)propanamide 

To a stirring solution of 3-(1 H-indol-3-yl)-2-(N-triphenylmethylamino)propanolc acid (1 79 8 g, 0.403 mole). 2-meth- 
oxybenzylamine (56 0 ml, 0 429 mole), and hydroxybenzotrlazole hydrate (57 97 g, 0 429 mole) in anhydrous tetrahy- 

40 drofuran (1.7 L) and anhydrous N.N-dimethylformamide (500 ml) under a nitrogen atmosphere at 0**C. were added 
triethylamine (60 0 mt, 0 430 mole) and 1 -(3-dimethylaminopropyl)-3-ethoxycarbodiimKJe hydrochloride (82.25 g. 0.429 
mole). The mixture was allowed to warm to room temperature under a nitrogen atmosphere for at least 20 hours. The 
mixture was concentrated on a rotary evaporator and then redissolved in methylene chloride and an aqueous work- 
up of 5% citric acid solution (2X), saturated sodium bicarbonate solution (2X). and brine (2X) was performed. The 

45 organic layer was dned over anhydrous sodium sulfate, filtered, and concentrated to dryness on a rotary evaporator. 
The title product was then filtered as a pink solid in two lots. Isolated 215.6 g (0.381 nnole) of analytically pure material 
(95% yield) 

Reduction 

so 

Preparation of 3-(1H-indol-3-yl)-1 -(N-(2-methoxybenzyl)amino]-2-(N-triphenylmethylannino)propane 

Rod-AK§>, [a 3 4 M. solution of sodium bis(2-mothoxycthoxy)aluminum hydride in toluene] (535 ml. 1 819 nrK)les), 
dissolved in anhydrous tetrahydrofuran (400 ml) was slowly added using an addition funnel to a refluxing solution of 
ss the acylation product. 3-( 1 H-lndol-3-yl)-N-(2-methoxybenzyl)-2-(N-tnpheny lmethylamino)propanamide (228 6 g. 0.404 
mols) produced supra , in anhydrous tetrahydrofuran (1 0 liter) under a nitrogen atmosphere The reaction mixture 
became a purple solution. The reaction was quer\ched after at least 20 hours by the slow addition of excess saturated 
Rochelle salt solution (potassium sodium tartrate tetrahydrate) The organic layer was isolated, washed with brine (2X). 
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dned over anhydrous sodium sulfate, filtered, and concentrated to an oil on a rotary evaporator No further purification 
WHS done and the product was used directly, in the next step 

Method K 

5 

Aeylation 

Preparation of 3-(1 H-indol-3-yl)-l 4N-(2-methoxybenzyl)-acetylamino]-2-(N-tnphenylmelhylamino)propane 

10 To a stirring solution of 3-(1H-indol-3-yl)-HN-(2-niethoxybenzyl)anr)lnol-2-(N-triphenylrn8thylaniino)propane 
(0 404 mole) in anhydrous tetrahydrofuran (1.2 liters) under a nitrogen atmosphere at O'C was added tnethylamine 
(66.5 ml, 0.477 mole) and acetic anhydride (45.0 ml, 0.477 mole) Alter 4 hours, the mixture was concentrated on a 
rotary evaporator, redissolved in methylene chloride and ethyl acetate, washed with water (2X) and bnne (2X). dned 
over anhydrous sodium sulfate, filtered, and concentrated to a solid on a rotary evaporator The resulting solid was 

IS dissolved in chlorolorrri and loaded onto silica gel 60 (230-400 mesh) and eluted with a 1:1 mixture of ethyl acetate 
and hexanes The product was then crystallized from an ethyl acetate/hexanes mixture The resulting product of 3- 
(1 H-indol-3-yl)-HN-(2-methoxybenzyl)acetylamino)-2-(N-lnphenylmethylamino)propane was crystallized and isolated 
over three crops giving 208 97 grams (87% yield) of analytically pure material. 

20 Method L 

Detritylation 

Preparation of 2-amino-3-(l HHndol-3-yl)-l -f N-(2Hnethoxyben2yl )acetylaminoJpropane 

2S 

Fomiicacid (9 0 ml, 238 540 mmoles) was added to a stirrmg solution of 3-(1 H-indol-3-yl)-1 4N-(2-methoxybenzyl) 
acetylamino]-2-{N-tnphenylmethylamino)propane (14.11 g. 23.763 mmoles) in anhydrous methylene chloride under a 
nitrogen atmosphere at O^C After 4 hours, the reaction mixture was concentrated to an oil on a rotary evaporator and 
redissolved in diethyl ether and 1 0 N hydrochloric acid. The aqueous layer was washed twice with diethyl ether and 
30 basified with sodium hydroxide to a pH greater than 12 The product was extracted out with methylene chloride (4X). 
The organic extracts were combined, dned over anhydrous sodium sulfate, filtered, and concentrated on a rotary evap- 
orator to a white foam. The compound 2-amino-3-(1H-indol-3-yl)-1-[N-(2-methoxybenzyl)acelylamino]propane (7 52 
g, 21,397 mmols) was isolated giving a 90% yield. No further purification was necessary 

35 Method M 

Bromoaeetylation . 

Preparation of 2-I(2-bronx))acely llamino-3-( 1 H-indol-3-yl)-1 -(N-(2-methoxybenzyl)acetylamino]propane 

40 

To a stirnng solution of 2-amino-3-(1H-ffidol-3-yl)-l-[N-(2-methoxybenzyl)acetylamino]propane (7.51 g. 21.369 
mmoles) in anhydrous tetrahydrofuran (100 ml) under a nitrogen atmosphere at 0°C was added diisopropylethylamine 
(4. 1 ml. 23 537 mmoles) and bromoacetyl bromide (2.05 ml, 23.530 mmoles). After 2 hours, ethyl acetate was added 
and the reaction mixture washed with water twice. 1 .0 N hydrochloric acid (2X). saturated sodium bicarbonate solution 
45 (2X). and brine. The organic layer was dried over anhydrous sodium sulfate, filtered, and concentrated to a tan foam 
on a rotary evaporator. In this nnanner the 2-((2-bromo)acetylJamino-3-(lH-indol-3-yl)-l-IN-(2-methoxybenzyl) 
acetylamino]propane was obtained in quantitative yield No further purification was necessary 

Method N 

so 

Nucleophillc Displacement 

Preparation of 1 -lN-(2-methoxybenzyl)acetylamino)-3-(1 H'indol-3-yl)-2-(N-(2-((4-cyclohexyl)piperazin-1-yl)acetyl ) 
amino]propane 

. 55 

[Compound of Example 74] 

1-Cyclohexylpiperazine (365 g, 22 492 mmoles) was added to a stirring solution of 2-{(2-bromo)acetyl]amino-3- 
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(1H-indol-3-yl)-HN-(2-methoxyben2yl)acetylamino]propane (21.369 mmoles) and powdered potassium carbonate 
(3 56 g. 25 758 mmols) in methylene chlonde under a nitrogen atnnosphere The reaction mixture was stirred overnight 
at room temperature The salts were fittered ar>|j the solution concentrated to a brown foam on a rotary evaporator 
The desired product was purified on a Prep 500 column using a 10 L gradient starting with 100% methylene chtoride 

5 and ending with 5% methanol/94.5% methylene chloride/0.5% ammonium hydroxide. Impure fractions were combined 
and purified furtfier by reverse phase preparative high performance liquid chromatography (methanol/acetonitnle/wa- 
ter/amnrtonium acetate) After combining the material from both chromatographic purifications the title compound (10.43 
g, 1 8.663 mmoles) was isolated (87% yield). 

/Vn alternative means of acytation of the primary amine as shown in the final step o1 the synthesis protocol of 

10 Scheme IV is by means of reacting a compound of the formula 



15 




H 



20 with a potassium carboxylate of the formula 



25 



in the presence of isobutylchloroformate and N-methylmorpholine This reaction is usually performed in the presence 
30 of a non-reactive solvent such as methylene chloride at cool temperatures, usually between -30*C and 10'*C, more 
preferably at temperatures between -20'*C and Q^C In this reaction equirnolar amounts of the two reactants are gen- 
erally employed although other ratios are operable. An example of this preferred means of acylating the primary amine 
IS shown in the following example. 

35 Method P 

Preparation of (R)-1 H[N-(2-methoxybenzyl)acetylaminoI-3-(1 HHndol-3-yl)-24N-(2-((4-cyclohexyl)plperazin-1 -yl)acetyl) 
amino]propane 

40 [Compound of Example 75] 

The title compound was prepared by first cooling 2-((4-cyclohexyl)piperazin-1 -yOacetic acid potassium salt to a 
temperature between -8*C and -15*C in 5 volumes of anhydrous methylene chloride To this mixture was then added 
isobutytehlorotormate at a rate such that the temperature did not exceed -S'^C. This reaction mixture was then stirred 
45 for about 1 hour, the temperature being maintained between -S'^C and -IS^'C. 

To this mixture was then added (R)-2-amino-3-(lH-indol-3-yl)-1-[N-(2-methoxybenzyl)acetylamino]propane dihy- 
drochloride at such a rate that the temperature did not exceed O'C Next added to this mixture was N-methyl morpholinc 
at a rale such thai the lemperalure did nol exceed CTC This mixlure was then stirred lor aboul 1 hour al a temperature 
between -IS'C and -8"C. 

so The reaction was quenched by the addition of 5 volumes of water. The organic layer was washed once with a 
saturated sodium bicarbonate solution The organic phase was then dried over anhydrous potassium carbonate and 

filtered to rennove the drying agent To the filtrate was then added 2 equivalents of concentrated hydrochloric acid, 
followed by 1 volume of isopropyl alcohol The methylene chbride was then exchanged with isopropyi alcohol under 
vacuum by distillation 

S5 The final volume of isopropyl alcohol was then concentrated to three volumes by vacuum The reaction mixture 

was cooled to 20"C to 25°C and the product was allowed to crystallize for at least one hour. The desired product was 
then recovered by filtration and washed with sufficient isopropyl alcohol to give a colorless filtrate The crystal cake 
was then dried under vacuum at 50^C 
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Preparation of (R)-3-(1 HHndd-3-yl)-1 -IN-(2-melhoxybenzyl)acelylamino]-24N-(2^ 
acetyl)amino]propane dihydrochlonde tnhydrate 



10 



IS 



2 HCl 




OCH3 




OCH? 




N-CH:-C02* 



2 HCl 

3 H2O 



Under a nitrogen atmosphere 2-(4-(pipendin-1 -yl)piperidin-l -yl)acGtic acid, potassium salt (0 75 kg, 2 84 mol) was 
so added to methylene chloride (7.5 L). The resulting mixture was cooled to -1 5 to -8*0 and isobutyl chloroformale (0.29 

kg, 2 1 2 moi) was added at such a rale so as to maintain the temperature of the reaction mixture below -S^C After the 

addition the resulting reaction mixture was stirred for 90 minutes between -15 and -8*0. 

The reaction mixture was then cooled to -35°C and solid {R)-2-amino-3-(1H-indol-3-yl)-l-{N-{2-methoxybenzyl) 

amino]propane dihydrochlonde (0 60 kg. 1 14 mol) was added at such a rate that the reaction temperature was main- 
2S tained at less than -20'C. After the addition, the reaction mixture was stirred for about one hour with the temperature 

being maintained between -37'C and -20**C. The reaction was quenched by the addition ol deionaed water (7,5 L). 

The reaction mixture was basified to pH 12.8-1 3.2 by the addition of 5 N sodium hydroxide. The aqueous fraction was 

removed and retained Additional detonized water (3.75 L) was added to the organic fraction as was sufficient 5 N 

sodium hydroxide to re-ad|ust the pH to 12 6-1 3 2. 
30 The two aqueous fractioris were combined, back-extracted with methylene chtoride (1 5 L) and then discarded 

The organic fractions were combined and washed with deionlzed water (4 x 3 5 L) These extracts were combined. 

back extracted with methylene chlonde (1 .5 L), and then discarded. The two organic layers were combined and washed 

with a saturated sodium chbride solution (3 7 L). 

The organic fraction was dned over anhydrous magnesium sulfate, filtered, and solvent exchanged f rom methylene 
35 chlonde to acetone (3.75 L) on a rotary evaporator. An aqueous solution of hydrochloric acid (0 48 L of 6 N solution. 

2.88 mol) and seed crystals (2 g) were added and mixture was stirred for 30-90 minutes Acetone (13.2 L) was then 

added and the slurry stirred for one hour The resulting solid was then filtered, washed with acetone (2x1.4 L). and 

dried to yield 633 g (90%) of(R)-3-(1 H-indol-3-yl)-1 -(N-(2-methoxyben2yl)acetylamino)-2-(N-(2-(4-(piperidin-l -yl)pipe- 

ridin-1 -yl)acetyl)amino]propane dihydrochlonde trihydrate 
40 An alternative process of preparing the nmst preferred compounds is as follows 

Preparation of (R)-3-( 1 H-indol-3-yl)-2-(N-triphenylmelhyiamino)propanoic acid. N-methylmorpholine salt (N-trityl-D- 
tryptophan N-methylmopholine salt) 



45 



so 




H /-\ 
+ N P 



To a on© liter 4 neck flask equipped with mechanical stirrer, condensor. probe, and stopper, were added D-tryp- 
tophan (400 g. 0.196 mol). acetonitrile (240 ml), and 1,1,1,3.3.3-hexamethyWisila2ane (39.5 g, 0.24S mol) The re- 
ss suiting mixture was heated to 50-60**C and stirred until homogeneous. In a separate beaker trityl chloride (60.06 g, 
0.215 mol) and acetonitrile (120 ml) were slurried. The slurry was added to the silylated tryptophan nruxture and the 
beaker was rinsed with 40 ml of acetonitrile. To the reaction mixture N-methylmorpholine (23 7 ml, 21 8 g. 0.216 mol) 
was added and the resulting mixture was stirred for one hour. The progress of the reaction was monitored by chroma- 
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tography 

After satisfactory progress, water (240 ml) was added dropwise to the reaction mixture and the resulting mixture 
was cooled to (ess than lO^C. stirred for thirty giinutes, and filtered The residue was washed with water, and then 
dned to obtain 108 15 grams (>99% yield) of the desired title product 
5 iH NMR (DMSOkJs) § 2.70 (m. 1H). 2.83 (m. 2H). 3.35 (m. 1H). 6 92-7.20 (m. 12H). 7.30-7.41 (m. 8H). 10 83 (s. 1H). 
11.73 (br s, 1H). 



10 



Analysis for C30H26N2O2 


Theory 
Found 


C,8069; 
C.8047; 


H, 5 87. 
H. 5.92. 


N. 6.27 
N. 6.10. 



Preparation of (R)-3-{1 H-indol-3-yl)-N-(2-methoxyben2yl)-2-(N-inphenylmethylamino )propanamide. 



20 




To a two liter 4 neck flask equipped with mechanicaf stirrer, condensor, and thermocouple, under a nitrogen at- 
mosphere, were added N-trityl-D-tryptophan N*methylmopholine salt (108.0 g. 0 196 mot), acetonitnle (800 ml), 2*chlo- 

2S ro^.6-dimethoxy-1,3.5-tria2ine (38 63 g, 0 22 rnol). and N-methylmorpholine (29.1 ml). The resulting mixture was 
stirred at ambient temperature until homogeneous (about ten minutes) 

After about one hour. 2'methoxybenzylamine (29 ml) was added The resulting mixture was heated to 35^C and 
maintained at that temperature overnight. The progress of the reaction was monitored by chromatography Water (750 
ml) was then added dropwise to the reaction mixture and the resulting mixture was cooled to less than lO^C, stirred 

30 for thirty minutes, and filtered. The residue was washed with water (about 1 00 ml), and then dried to obtain the desired 
title product. (Yield: 87% and 91 % in two runs) 
FDMS 565 (M*). 

1 H NMR (CDCI3) 5 2. 1 9 (dd. J=6 4 Hz. Au=1 4.4 Hz, 1 H). 2 64 (d. J=6.5 Hz. 1 H), 3 1 9 (dd. J=4.3 Hz. Au=1 4.4 Hz, 1 H). 
3.49 (m. IH). 3.63 (s, 3H), 3.99 (dd, J=5 4 Hz, Au=14.2 Hz, IH), 4.25 (dd. J=7,1 Hz. Au=14 2 Hz, 1 H), 6.64 (d. J=2.1 
35 Hz, IH), 6.80 (d. J=8.2 Hz, IH), 6 91 (I, J=7,4 Hz. IH), 7.06-7.38 (m, 21 H), 7.49 (d. J=7 9 Hz. IH). 7 75 (s. IH). 





Analysis for C3aH35N302: 




Theory- 


C. 80 68. 


H, 6.24. 


N, 7.43 


40 


Found: 


C, 80 65. 


H. 6.46, 


N. 7.50. 



Reduction of Carbonyl 



45 




SO 

Preparation of (R)-3-(1 H-indol-3-yl)-1 -(N-(2-methoxybenzyl)amino]-2-(N*triphenylmethylamlno)propane 

RED-AL®, fa 3.4 M, solution ot sodium bis(2-methoxyethoxy)aluminum hydnde in toluene) {535 ml. 1.819 mol). 
55 dissolved in anhydrous tetrahydrofuran (400 ml) was slowly added using an addition funnel to a refluxing solution of 
the acylation product. (R)-3-(1H-indol-3-yl)-N-(2-methoxybenzyl)-2-(N-triphenylmGthylamino)propanamtd6 (228 6 g, 
0.404 mols) produced supra , in anhydrous tetrahydrofuran (1 0 L) under a nitrogen atnrK)Sphere The reaction mixture 
became a purple solution. The reaction was quenched after at least 20 hours by the slow addition of excess saturated 
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Rochelle's salt solution (potassium sodium tartrate tetrahydrate) The organic layer was isolated, washed wrth bnne 
(2X). dried over anhydrous sodium sulfate, filtered, and concentrated to an oil on a rotary evaporator No further puri- 
ficatbn was done and the product was used directly in the next step 

5 Acylation of Secondary Amine 



10 




IS Preparation of (R)-3-(lHMndol-3-yl)0-lN-(2-methoxyben2yl)-acetylamino]-2-(N-lriphenylmethylamlno)p 

To a stirring solution of (R)-3-( 1 H-indol-3-yl)-1 -f N-(2-methoxyben2yl)amino]-2-(N-triphenylmelhylamino)propane 
(0.404 mol) in anhydrous tetrahydrofuran (1.2 L) under a nitrogen atmosphere at 0*C was added triethylamine (66 5 
ml, 0.477 mol) and acetic anhydride (45 0 ml. 0 477 mol). After 4 hours, the mixture was concentrated on a rotary 

20 evapordlor, redissolved in methylene chloride and ethyl acetate, washed with water (2X) and brine (2X). dned over 
anhydrous sodium suHate. filtered, and concentrated to a solid on a rotary evaporator The resulting solid was dissolved 
in chtaroform and loaded onto silica gel 60 (230-400 mesh) and eluled with a 1 :1 mixture of ethyl acetate and hexanes. 
The product was then crystallized from an ethyl acetate/hexanes mixture. The resulting product of (R)-3-(1H-indol- 
3-yl)-1-(N-{2-methoxyben2yl)acetylaminol-2-(N-triphenylmethylamino)propane was crystallized and isolated over 

2S three crops giving 208.97 grams (87% yield) of analytically pure material 





Analysis for C4oH39N302: 




Theory- 


C.80 91; 


H, 6.62; 


N. 7.08. 


30 


Found, 


C, 81.00. 


H, 6.69, 


N, 6.94 



Deprotection 



3S 




Preparation of (R)-2-amlno-3-(1H-indol-3-yl)-1-[N-(2-methoxyben2yl)acetylamino]propane dihydrochlorlde 

A stirring solution of (R)-3-(1HMndol-3-yl)-1-IN-(2-melhoxybenzyl)acelylamino)-2-(N-triphenylmelhylamino)pro- 
pane in two volumes of methylene chlonde was cooled to between •40X and -50"C. Anhydrous hydrogen chloride 
gas was added at such a rate that the temperature of the reaction mixture did not exceed 0"C. The reaction mixture 
was stirred for 30 minutes to one hour at 0-l0**C. 

To this reaction mixture was added two volumes of methyl f-butyl ether and the resulting mixture was allowed to 
stir for 30 minutes to one hour at O-ICC The resulting crystalline solid was removed by filtration and then washed 
wtth methyl /-butyl ether The reaction product was dried under vacuum at 50*C (Yield >98%) 



Analysis for CgiHggNaOg • 2 HCI: 


Theory: 
Found 


C, 59.44, 
C.60 40, 


H.6 41. 
H. 6 60, 


N. 9.90. 
N.9 99 
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Preparation of 2-|(4-cyclohexyl)pipera2in-1 -yl)acetic acid prtassium saH hydrale 

Cyclohexylpiperazine (10 0 g. 0.059 mol) was added to ten volumes of methylene chloride at room temperature 
To this mixture was added sodium hydroxide (36 ml of a 2N solution. 0 072 mo!) and tetrabutylamrronium bromide (1.3 
5 g, 0.004 mol). Alter the addition of the sodium hydroxide and tetrabutylammonium bromide, methyl bromoacetate (7 0 
ml, 0.073 mol) was added and the reaction mixture was stirred for lour to six hours. The progress of the reaction was 
monitored by gas chromatography 

The organic fraction was separated and the aqueous phase was back-extracted with methylene chlonde. The 
organic phases were combined and washed twice with deionized water, once with saturated sodium bicarbonate so- 
10 lution, and then with brine The organic phase was dned over magnesium sulfate and the solvents were removed in 
vacuo to yield methyl 2-((4-cyclohexyl)piperazin-1-yl)acetate as a yellowish oil. 

The title compound was prepared by dissolving the methyl 2-((4-cyclohexyl)pipera2in-1-yl)acetate (10.0 g, 0.042 
mol) in ten volumes of diethyl ether. This solution was cooled to 15**C and then potassium trimethylsilanoate (6.9 g. 
0 044) was added. This mixture was then stirred for four to six hours The reaction product was removed by filtration, 
IS washed twice with five volumes of diethyl ether, then washed twice with five volumes of hexanes. and then dned in a 
vacuum oven lor 12-24 hours at SO'C 



Analysis for C^gHgiKNgOg • 1 5 HgO 


Theory 
Found 


C. 4963, 
C. 4954. 


H. 7.98: 
H. 7.72. 


N, 9.65 
N. 9.11. 



Preparation of {R)-2-(N-(2-((4<:yclohexyl)piperazin-1 -yl)acetyl)aminol-3-(l H-indol-3-yl)-1 -{N-(2-methoxybenzyl) 
acetylaminolpropane 

2S 



30 




3S 

The title compound was prepared by first cooling 2-((4-cyclohexyl)piperazin-1-yl)acetic acid potassium salt to a 
temperature between -8*»C and -15*C in 5 volumes of anhydrous methylene chloride. To this mixture was added iso- 
butylchloroformate at a rate such that the temperature did not exceed ^'C The resulting reaction mixture was stirred 
40 for about 1 hour, the temperature being maintained between -8°C and -15*C. 

To this mixture was then added (R)-2-amino-3-(1 H-indo!-3-yl)-l-[N-(2-methoxybenzyl)acetylamino]propane dihy- 
dfochloride at such a rate that the temperature did not exceed 0**C Next added to this mixture was N-meihyl morpholme 
at a rate such that the temperature did not exceed 0*C This mixture was then stirred for about 1 hour at a temperature 
between -15*C and -8*C 

45 The reaction was quenched by the addition of 5 volumes of water The organic layer was washed once with a 

saturated sodium bicarbonate solution. The organic phase was then dned over anhydrous potassium carbonate and 
fillered to remove the drying agent To the filtrate was then added 2 equivalents of concentrated hydrochloric acid, 
followed by 1 volume of isopropyl alcohol. The methylene chloride was then exchanged with isopropyl alcohol under 
vacuum by distillation. 

so The final volume of isopropyl alcohol was then concentrated to three volumes by vacuum. The reaction mixture 

was cooled to 20*C to 25*C and the product was allowed to crystallize for at least one hour The desired product was 
then recovered by filtration and washed with sufficient isopropyl alcohol to give a colorless filtrate The crystat cake 
was then dried under vacuum at 50»C MS 560 (M+1+) 

iH NMR (CDCI3) 5 1.09-1 .28 (m. 5H). 1 .64 (d. J=10 Hz. 1H). 1 80-1 .89 (m. 4H). 2.10 (s. 3H). 2 24-2 52 (m. 9H). 2 90 
55 (s. 2H). 2.95 (d. J=7 Hz. 1 H). 3 02 (d, J=7 Hz. 1H). 3 12 (dd. J=5. 14 Hz. 1H). 3 77 (s. 3H). 4 01 (dd. J=10. 14 Hz. 1H), 
4 49 (ABq. J=17 Hz. 43 Hz. 2H). 4 56 (m, 1H). 6 79-687 (m, 3H). 7.05-7 24 (m, 4H). 7.34-7.41 (m. 2H), 7 67 (d, J=8 
Hz. 1H).8 22(s, IH) 
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Analysis for C33H45N5Q3 




Theory. 


C. 70 81, 


H. 8 10; 


N. 12 51 


5 


Found 


C,7071. 


H. 8.21; 


N. 12.42 



Preparation of 2-(4-(piperidin-1-yl)ptpendin-1-yl)acetic acid, potassium salt 



TO 



75 



20 



2S 



30 



3S 




40 4-(Pipendin-i -yl)piperidine (1 .20 Kg, 7. 1 3 mot) was added to methylene chloride (1 2 0 L) under a nitrogen atmos- 
phere Tetrabutylammonium bromide (0 1 50 kg. 0 47 mol) and sodium hydroxide (1 7 L of a 5 N solution, 8 5 mol) were 
then added. The reaction mixture was cooled to 10-15*C and methyl bromoacetate (1.17 kg, 7.65 mol) was added and 
the resulting mixture was stirred for a minimum of 16 hours. 

Deionized water (1.2 L) was Ihen added to the mixture and the layers separated The aqueous layer was back- 

45 extracted with methylene chbride (2 4 L). The organic fractions were combined and washed with detonized water (3 
X 1 2 L), a saturated sodium bicarbonate solution (1 .1 L) and a saturated sodium chlorkle solution (1 .1 L). The organic 
fraction was then dried over anhydrous magnesium sulfate and concentrated to an oil on a rotary evaporator to yield 
1.613 kg (93.5%) of rnethyl 2-(4-(pipendin-1-yl)plperidin-l-yl}acetate 

A sotutbn of methyl 2'[4-(piperidin-1 -yl)piperid>n-1-yl]acetato (2.395 kg 9 96 mol) in nriethanol (2.4 L) was added 

so to a solution of potassium hydroxide (0.662 kg. 10.0 mol @ 85% purity) in methanol (10.5 L) under a nitrogen atmos- 
phere. The reaction mixture was heated to AS-S&C for a minimum of 16 hours 

A solvent exchange from methanol to acetone (15 0 L) was performed on the solution on a rotary evaporator. This 
solution was slowly cooled to room temperature over 1 6 hours The resulting solids were filtered, rinsed with acetone 
(5.0 L) and then dned to yield 2 471 kg (93 8%) of 2-(4-(piperidin-1-yl)piperidin-1-yl)acetk: acid, potassium salt MS 

55 265 (M*i) 



27 

INSOOCia <EP 07B1219A1J_> 



EP0 761 219 A1 



Preparation of (R)-3-(1 H-indol-3-yl)-1 4N-(2-methoxybenzyl)acetylamino]-2HN-(2-(4-(pipendin-1 .yl)pipendin-l-yl) 
acetyl)amlno]propane dihydrochloride tnhydmte 




Under a nitrogen atmosphere 2-(4-(pipendin-1-yl)pipendin-l-yl)acelic acid, potassium salt (0 75 kg, 2.84 mol) was 
20 added to methylene chbnde (7 5 L) The resulting mixlure was cooled to -15 \o -8*C and isobutyl chtorofomnate (0 29 

kg. 2 1 2 mol) was added at such a rate so as to maintain the temperature of the reaction mixture below ■8"C. After the 

addition the resulting reaction mixture was stirred for 90 minutes between -15 and -8°C 

The reaction mixture was then cooled to -OS^C and solid (R)-2-amino-3-(lH-indol-3-yl)-1-(N-(2-methoxybenzyl) 

amino]propane dihydrochloride (0.60 kg. 1 14 nriol) was added at such a rate that the reaction temperature was main- 
2B tained at less than -20*C After the addition, the reaction mixture was stirred for about one hour with the temperature 

being maintained between -37**C and -20°C The reaction was quenched by the addition of deionized water (7.5 L). 

The reactkxi mixture was basified to pH 12.8-13.2 by the addition of 5 N sodium hydroxkJe. The aqueous fraction was 

removed and retained. Additional deionized water (3.75 L) was added to the organic traction as was sufficient 5 N 

sodium hydroxide to re-adjust the pH to 1 2 8-1 3 2 
30 The two aqueous fractions were combined, back-extracted with methylene chtoride (1 .5 L) and then discarded 

The organic fractions were combined and washed with deionized water (4 x 3.5 L) These extracts were combined. 

back-extracted with methylene chlonde (1 .5 L). and then discarded. The twoorganic layers were combined and washed 

with a saturated sodium chloride solution (3.7 L) 

The organk: fraction was dned over anhydrous magnesium sulfate, filtered, and solvent exchanged from methylene 
55 chloride to acetone (3.75 L) on a rotary evaporator. An aqueous solution of hydrochtaric acid (0 48 L of 6 N solution, 

2.88 mol) and seed crystals (2 g) were added and mixture was stirred for 30-90 minutes. Acetone (13.2 L) was then 

added and the slurry stirred for one hour. The resulting solid was then filtered, washed with acetone (2x14 L), and 

dried to yield 633 g (90%) of (R)-3-(1 H-indol-3-yl)-l -[N-(2-methoxybenzyl)acetylaminoJ-2-[N-{2-(4-(piperidin- 1 -yl)pip- 

eridin-1 -yOacetyOaminolpropane dihydrochk)ride trihydrate 

40 

Preparation of (R)-3-(1 H-indol-3-yl)-1 •IN-(2-methoxybenzyl)acetylamino)-24N-(2-(4-(piperidin-1 -yl)piperldin-1 -yl) 
^etyl)amino]propane dioxalate 




2 oxalate 

55 



Into a 500 ml jacketed round bottom flask was placed 2-(4-(pipendin-1 -yl)piperidin-1 -y l)acetic acti, potassium salt 
(25 0 g, 94 5 mmol) and 375 ml of N.N-dimethylformamide The resulting slurry was cooled to -1 9*0 and isobutylchlo- 
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roformate (12.9 g. 94.5 mmol) was added over five minutes The resulting mixture was stirred for twenty minutes and 
then (R)-2-amino-3-(1HHndol-3-yl)-HN-(2-methoxyben;!yl)ficetyteminoIpropanedihy^ (25.0 g. 58 1 mmol). 

dissolved in 75 ml ol anhydrous N.N-dimelhyllormamide, was added over ten minutes. 

The resulting mixture is then cooled to 0®C. stirred for about ten minutes, and then permitted to warm to room 
5 temperature. The progressofthereactwn was nrronitored by chromatography. High performance liquid chronnatography 
showed 99% conversion of the reactanls after ninety minutes 

The reaction mixture was partitioned between ethyl acetate (375 ml) and a saturated sodium bicarbonate solution 
(375 ml). The aqueous layer was back extracted with 375 ml of ethyl acetate The organic fractions were combined, 
washed with water (3 x 375 ml), and then dried over magnesium sulfate. Potassium hydroxide is then added to the 
TO aqueous fraction from above and this resulting basified solution is extracted with ethyl acetate. This organic fraction 
is then dried over magnesium sulfate. 

The combined dried organic fractions are then treated with a concentrated oxalic acid solution The resulting solids 
are filtered and dried at 50*C in a vacuum oven to yield 23 5 grams of the desired intermediate 

As would be appreciated by a skilled practitioner the mixed anhydride process will work in a number of organic 
IS solvents, in addition to the anhydrous N.N-dimethylfornrwimide depicted above Representative examples of solvents 
which may be employed include acetonitnle, tetrahydrofuran, dtchtoromethane The mixed anhydride process can be 
performed at temperatures below OX. 

The oxalate can be isolated from ethyl acetate as weU as from other solvents, probably including acetone, ace- 
lonllrile, and f-bulyl methyl elher The use of oxalic acid is. however, very important for the precipitation as a large 
20 number of acids do not give a precipitate. Among those acids allempled. but found not satisfactory for the processes 
of the present invention, are citric, anhydrous hydrochlonc, tartaric mandelic. trifluoroacetic, p-nitrobenzoic, phenoxy- 
acetic, maleic. fun^ric, glutarrc, adipic. methanesulfonic, p-toluenesulfonic, pamoic. trans- 1,2-cyclohexane dicarbox- 
yllc. succinic, phthalic, trans*1 .2-diaminocyclohexane-N.N,N\N'-naphthalenedisulfonic, and 5-sulfosalicylic acids. Only 
oxalic acid and 1 .5-naphthalene disulfonic acid reproducibly produced a solid. 

25 

Preparatkjnof (R)-3-(1HHndoI-3-yl)-1-[N-(2-methoxyben2yl)acetylaminol-2-[N-(2-(4-(pipendinO-yl)pipendi 
acetyl)amino]propane dihydrochkxide tnhydrate 



35 




•2 HCl 
• 3 H:0 



Into a flask were added (R)-3-(1H-indol-3-yl)-l-(N-(2-methoxybenzyl)acetylaminol-2-lN-(2-(4-(piperidin-1-yl)pipe- 
ridin-1-yl)acetyl)amino]propane oxalate (3.31 g, 4.22 mmol). noethylene chbride (30 ml. 39 75 g), and water (30 ml). 
45 The resulting mixture was stin^ed and the pH of the reactbn mixture was adjusted to 10-1 2 using 50% caustic. 

The phases were separated and the aqueous phase was extracted with methylene chlonde (20 ml) and separated. 
The combined organic fractions were back extracted with water (30 ml) and dried over magnesium sulfate. The meth- 
ylene was removed on an evaporator, leaving a residue. This residue was translerred to a jacketed flask and dissolved 
into acetone (24 g. 10 25 volumes). 
50 Enough water was added to bnng the water concentration to eleven percent (by weight) and the resulting mixture 

was heated to 55'C. Enough concentrated hydrochkjric acid was added to tower the pH to 2 0 and the reaction mixture 
was then permitted to cool to 37^C over 45 minutes. 

The product solution was seeded and permitted to stir (or 1 0-30 mmutos. The product solution was cooled to 1 9*C 
over two hours and acetone (11.8 equivalent volumes) was added over three hours, after whteh time the reaction 
55 mixture was stirred for one to three hours, n^intaining the temperature at 19*C. The product solution was filtered and 
the residue was washed with 10.2 equivalents (by volume) of acetone. The residue was then dried in a vacuum oven 
at 42''C to give the desired title product Yield 2 407 granns (80 7%) 

The following table illustrates many of the compounds produced usmg essentially the steps described in Schemes 
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I through IV A person ot ordinary skill in the art would readly understand that a certain order of steps must be empbyed 
in many Instances to avoid reactions other than the one sought For example, as in the above methods. It is frequently 
necessary to employ a protecting group In order,to block a reaction at a particular nrK)iety 

The abbreviations used in the folbwing table are commonly used in the field and would be readily understood by 

s a practitioner in the field. For exmple. the abbreviation "Ph" refers to a phenyl group. •i-Pr' refers to an isopropyl group, 
'Me' describes a methyl group. 'Et' refers to an ethyl group. M-Bu' desaibes a fe/t-butyl group, and the tike. 

In the following table, the first column gives the example number of the compound. The next colunnns (nrtay be 
one, two. or three columns) describe the substitution pattems of the particular example The column entitled "Mp "C" 
gives the melting point of the compound if it is a solid or notes the form of the substance at ambient temperature The 

10 next column, entitled 'MS', defines the mass of the compound as determined by mass spectroscopy The following 
column gives the nuclear magnetic resonance profile of the example compound as synthesized. The final columns 
give the molecular formula of the example compound as well as its elemental analysis 
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The biological activity of the compounds employed the present invention may be measured by a number of methods 
known to those skilled in the art, including those descnbed in the patents and scientific literature described supra . 
The growth hormone secretagogues of Formula I are useful in vitro as unique tools for understanding how growth 
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hormone secretion is regulated at the pituitary level This includes use in the evaluation of many factors thought or 
known to influence growth hormone secretion, such as age. sex, nutritional factors, glucose, amino acids, fatty acids, 
as well as fasting and non-fasting states In addition, the compounds employed in this invention can be used in the 
evaluation of how other hormones modify growth hormone releasing activity. For example, rt has already been estab- 

5 llshed that somatostatin inhibits growth homnone release 

Other honnones that are important and in need of study as to their effect on growth hormone release include the 
gonadal hornxmes. e g.. testosterone estradiol, and progesterone, the adrenal hormones, eg.. Cortisol and other 
corticoids, epinephrine and norepinephrine; the pancreatic and gastrointestinal hormones, e.g., msulm. glucagon, gas- 
trin, secretin, the vasoactive peptides, e g , bombesin, the neurokinins; and the thyroid hormones, e g.. thyroxine and 

10 triiodothyronine The compounds of Formula I can also be emptoyed to investigate the possible negative or positive 
feedback effects of the pituitary hormones, e g , growth hormone and endorphin peptides on the pituitary to modify 
growth hormone release. Of particular scientific importance is the use of these compounds to elucidate the subcellular 
mechanisms mediating the release of growth homrwne 

The compounds of Formula I can be administered to animals, including man, to release growth hornrK)ne jnviyo 

IS For example, the compounds can be administered to commercially important animals such as swine, cattle, sheep, 
and the like to accelerate and increase their rate and extent of growth, to improve feed efficiency, and to increase milk 
production in such animals In addition, these compounds can be administered to humans in vfvo as a diagnostic tool 
to directly determine whether the pituitary is capable of releasing growth hormone. For example, the compounds of 
Formula I can be administered in vivo to children. Serum samples taken before and after such administration can be 

20 assayed for growth homione. Companson of the amounts of growth hormone in each of these samples would be a 
means for directly determining the ability of the patient's pituitary to release growth hormone. 

The present invention generally employs at least one of the compounds of Formula I in association with a phar- 
maceutical earner or diluent Optionally, the active ingredient of the pharmaceutical compositions can comprise an 
anabolic agent in addition to at least one of the compounds of Formula I or another composition which exhibits a 

2S different activity, e.g , an antibiotic growth permittant or an agent to treat osteoporosis or in combination with a corti- 
costeroid to minimize the catabolk: side effects or with other pharmaceutically active materials wherein the combination 
enhances efficacy and minimizes side effects 

Growth pronrK>ting and anabolic agents include, but are not limited to, TRH, diethylstilbesterol, estrogens, P-ago- 
nists, theophylline, anabolic steroids, enkephalins, E series prostaglandins, compounds disclosed in United States 

30 Patent 3.239.345, e.g , zeranol. and compounds disclosed in United States Patent 4 036.979. e.g.. sulbenox, or pep- 
tides disclosed in United States Patent 4.411 .690. 

A still further use ot the growth hormone secrelagogues of this invention is in combination with other growth hor- 
mone secretagogues such as the growth hormone releasing peptides GHRP-6, GHRP-1 as described in United States 
Patent 4.411,890 and Patent Cooperation Treaty Publications WO 89/07110 and WO 89/07111. as well as hexarelin 

3S and the newly discovered GHRP-2 as described in Patent Cooperation Treaty Publk^ation WO 93/04081 , or growth 
honnone releasing hormone and its analogs, or growth hormone and its analogs; or somatomedins including IGF-1 
and IGF-2; or a-adrenergic agonists, such as ckxildine. or serotonin S-HT^o agonists, such as sumatriptan; or agents 
which inhibit somatostatin or its release, such as physosligmine and pyndostigmine 

As is well known to those skilled m the art. the known and potential uses of growth hormone are varied and mul- 

40 titudinous. The admnistration of the compounds employed in the present invention for the purpose of stimulating the 
release of endogenous growth hormone can have the same effects or uses as growth honnone itself these varied 
uses of growth hormone may be summarized as follows: stimulating growth hormone release in elderly humans; treating 
growth hormone deficient adults; prevention of catabolic side effects of glucocorticokls, treatment of osteoporosis; 
stimulation of the immune system; acceleration of wound healing; accelerating tx>ne fracture repair; treatment of growth 

4S retardation treating acute or chronic renal failure or insufficiency; treatment of physiological short stature, including 
growth hormone deficient children, treating short stature associated with chronic illness, treatment of obesity and 
growth retardation associated with obesity; treating growth retardation associated with Prader-Wdli syndrome and 
Turner's syndrome, accelerating the recovery and reducing hospitalization of burn patients or following major surgery 
such as gastrointestinal surgery; treatment of intrauterine growth retardation, skeletal dysplasia, hypercort isonism, and 

so Cushmgs syndrome, replacement of growth homK)ne m stressed patients; treatment of osteochondrodysplasias, Noo- 
nans syndrome, sleep disorders, Alzheimer's disease, delayed wound healing, and psychosocial deprivation, treatment 
of pulmonary dysfunction and ventilator dependency; attenuation of protein catabolic response after a major operation, 
treating malabsorption syndromes; reducing cachexia and protein loss due to chronic illness such as cancer or AIDS, 
accelerating weight gam and portion accretion in patients on total parenteral nutrition; treatment of hypermsullnemia 

55 including nesidioblastosis, ad|uvant treatment for ovulation induction and to prevent and treat gastric and duodenal 
uteers; to stimulate thymic devek>pment and prevent the age-related decline of thymic function, adjunctive therapy for 
patients on chronic hemodialysis, treatment of immunosuppressed palients and to enhance antibody response follow- 
ing vaccination; improvement in muscle strength, mobility, maintenance of skin thickness, metabolic homeostasis, renal 
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homeostasis in the frati elderly; stimulation of osteoblasts, bone remodeling, and cartilage growth; treatment of neu- 
rological diseases such as peripheral and drug-induced neuropathy. Guillan-Barre syndrome, amyotrophic lateral scle- 
rosis, multiple sclerosis, cerebrovascular accidents, and demyelinating diseases, stimulation of the immune system in 
companion animals and treatment of disorders of aging in companion animals, growth promotion in livestock: and 
5 stimulation of wool growth in sheep 

It will be understood by those skilled in the art thai there are numerous compounds now being used in an effort to 
treat the diseases or therapeutic indications enumerated above. Combinations of thesiB therapeutic agents, some of 
which have also been mentioned above, with the growth hormone secretagogues employed in this invention will bring 
additional, complementary, and often synergistic properties to enhance the growth promotant. anatwlic, and desirable 

'0 properties of these various therapeutic agents. In these combinations, the therapeutic agents and the growth hormone 
secretagogues of this invention may be independently present in dose ranges from one one-hundredth to one times 
the dose levels which are effective when these compounds and secretagogues are used singly. 

The compounds of Formula I are usually administered in the form of pharmaceutical compositions. These com- 
pounds can be administered by a vanety of routes including oral, rectal, transdermal, subcutaneous, intravenous, 

'5 intramuscular, and intranasal. These compounds are effective as both injectable and oral compositions. Such compo- 
sitions are prepared in a manner well known in the pharmaceutical art and compnse at least one active compound. 

The present invention also includes methods employing pharmaceutical composil ions which contain, as the active 
ingredient, the compounds of Formula I associated with pharmaceutically acceptable earners. In making the compo- 
sitions of the present invention the active ingredient is usually mixed with an excipient, diluted by an excipient or 

20 enclosed within such a carrier which can be in the form of a capsule, sachet, paper or other container. When the 
excipient serves as a diluent, it can be a solid, semi-solid, or liquid material, which acts as a vehicle, carrier or medium 
for the active ingredient. Thus, the compositions can be in the form of tablets, pills, powders, lozenges, sachets, cachets, 
elixirs, suspensions, emulsions, solutions, syrups, aerosols (as a solid or in a liquid medium), ointments containing for 
example up to 10% by weight of the active compound, soft and hard gelatin capsules, suppositories, stenle injectable 

2S solutions, and storilo packaged powders. 

In preparing a formulation, it nr^y be necessary to mill the active compound to provide the appropriate particle size 
prior to combining with the other ingredients. If the active compound is substantially insoluble, it ordinarily is milled to 
a particle size of less than 200 mesh. If the active compound is substantially water soluble, the particle size is normally 
adjusted by milling to provide a substantiaily uniform distribution in the formulation, e g about 40 mesh 

30 Some examples of suitable excipients include lactose, dextrose, sucrose, sorbitol, mannitol, starches, gum acacia, 

calcium phosphate, alginates, tragacanth. gelatin, cateium silicate, mk:rocrystalline cellulose, polyvinylpyrrolidone, cel- 
lulose, water, syrup, and methyl cellulose. The formulations can additionally include lubricating agents such as tak:. 
magnesium stearate, and mineral oil; wetting agents: emulsifying and suspending agents, presen/ing agents such as 
methyl- and prxDpylhydroxybenzoates; sweetening agents, and flavoring agents. The compositions of the invention can 

3S be formulated so as to provide quck, sustained or delayed release of the active ingredient after administration to the 
patient by employing procedures known in the art. 

The compositions are preferably formulated in a unit dosage form, each dosage containing from about 5 to about 
1 00 mg, more usually about 1 0 to aboo\ 30 mg, of the active ingredient The term "unit dosage form' refers to physically 
discrete units suitable as unitary dosages dosages for human subjects and other mammals, each unit containing a 

40 predetermined quantity of active material cateulated to produce the desired therapeutic effect, in association with a 
suitable pharmaceutical excipient. 

The active compound is effective over a wide dosage range. For examples, dosages per day normally fall within 
the range of about 0 5 to about 30 mg/kg of body weight In the treatment of adult humans, the range of about 1 to 
about 15 mg/kg/day. m single or divided dose, is especially prelerred However, it will be understood that the amount 

45 of the compound actually administered will be determined by a physician, in the light of the relevant circumstances, 
including the condition to be treated, the chosen route of administration, the actual compound administered, the age. 
weight, and response of the individual patient, and the severity of the patient's symptoms, and therefore the above 
dosage ranges are not intended to limil the scope of the invention in any way. In some instances dosage levels below 
the k)wer limit of the aforesaid range may be nDore than adequate, v\^ile in other cases still larger doses may be 

so empbyed without causing any harmful side eflect, provided that such larger doses are first divided into several smaller 
doses foradmnistration throughout the day. 

For preparing solid cmoposiions such as tablets the pnnctpal active ingredient is mixed with a pharmaceutical 
excipient to form a solid preformulation composition containing a homogeneous mixture of a compound of the present 
invention When referring to these preformulation compositions as homogeneous, it is meant that the active ingredient 

ss IS dipsersed evenly throughout the composition so that the composition may be readily subdivkied into equally effective 
unit dosage forms such as tablets, pills and capsules. This solid preformulatk>n is then subdivided into unit dosage 
forms of the type described above containing from 0 1 k> about 500 mg of the active ingredient of the present invention 
The tablets or pills of the present invention may be coated or othenwise compounded to provkie a dosage fomn 
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affording the advantage of prolonged action. For example, the tablet or pill can compnse an inner dosage and an outer 
dosage component, the latter being in the form of an envelope over the fornner The two components can be separated 
by enteric layer which senses to resist disintegration in the stomach and permit the inner component to pass intact into 
the duodenum or to be delayed in release A variety of materials can be used for such enteric layers or coatings, such 
5 materials including a number of polymeric acids and mixtures of polymeric acids with such materials as shellac, celyl 
alcohol, and cellulose acetate. 

The liquid forms in which the novel compositions of the present invention may be incorporated for administration 
orally or by injection include aqueous solutions, suitably flavored syrups, aqueous or oil suspensions, and flavored 
emulsions with edible oils such as cottonseed od, sesanne oil, coconut oil, or peanut oil. as well as elixirs and smnilar 
10 pharmaceutical vehicles. 

Compositions for inhalation or insufflation include solutions and suspensions in phamnaceutically acceptable, aque- 
ous or organic solvents, or mixtures thereof, and powders The liquid or solid compositions may contain suitable phar- 
maceuticalty acceptable excipients as described supra . Preferably the compositions are administered by the oral or 
nasal respiratory route for local or systemic effect Compositions in preferably pharmaceutically acceptable solvents 
IS may be nebulized by use of inert gases Nebulized solutions may be breathed directly from the nebulizing device or 
the nebulizing device may be attached to a face mask, tent, or intermittent positive pressure breathing machine. So- 
lution, suspension, or powder compsoittons may be administered, preferably orally or nasally, from devices which 
deliver the formulation in an appropriate manner. 

The following examples illustrate the phamiaceutical compositions of the present invention 

20 

Formulation Example 1 



Hard gelatin capsules containing the following ingredients are prepared 



2S 


Ingredient 


Quantity (mg/capsule) 




Compound of Example 51 


300 




Starch 


305.0 




Magnesium stearate 


5.0 



30 

The above ingredients are mixed and filled into hard gelatin capsules in 340 mg quantities. 
Formulation Example 2 
3S A tablet formula is prepared using the ingredients below: 



Ingredient 


Quantity (mg/tablet) 


Compound of Example 66 
Cellulose, microcrystalline 
Colloidal silicon dioxide 
Stearic acid 5.0 


25.0 
200.0 
10.0 



The components are blended and compressed to form tablets, each weighing 240 mg 

45 

Formulation Example 3 

A dry powder inhaler formulation is prepared containing the following components. 



Ingredient 


Weight % 


Compound of Example 17 
Lactose 


5 
95 



ss The active mixture is mixed with the lactose and the mixture is added to a dry powder inhaling appliance 
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30 
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40 



45 
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Fofmulation Example 4 

Tablets, each containing 30 mg of active ingredient, are prepared as foltows: 



Ingredient 


Quantity (mg/lablet) 


Compound o1 Example 14 


30 0mg 


Starch 


45.0 mg 


Microcrystalline cellulose 


35.0 mg 


Polyvinylpyrrolidone (as 10% solution in water) 


4.0 mg 


Sodium carboxymethyl starch 


4.5 mg 


Magnesium stearate 


0.5 mg 


Talc 


1.0 mg 


Total 


120 mg 



The active ingredient, starch and cellulose are passed through a No. 20 mesh U.S sieve and mixed thoroughly. 
The solution of polyvinylpyrrolidone is mixed with the resultant powders, which are then passed through a 16 mesh U. 
S sieve The granules so produced are dned at 50-60*C and passed through a 16 mesh U.S sieve. The sodium 
carboxymethyl starch, magnesium stearate, and talc, previously passed through a No 30 mesh U 8. sieve, are then 
added to the granules which, after mixing, are compressed on a tablet machine to yield tablets each weighing 1 50 mg. 

Formulation Example 5 

Capsules, each containing 40 mg of medicament are made as foltows. 



Ingredient 


Quantity (mg/capsule) 


Compound of Example 13 
Starch 

Magnesium stearate 
Total 


40.0 mg 
109 Omg 

1.0 mg 
iSO.Omg 



The active ingredient, cellulose, starch, and magnesium stearate are blended, passed through a No. 20 mesh U 
S sieve, and filled into hard gelatin capsules in 150 mg quantities 

Formulation Example 6 

Suppositories, each containing 25 mg of active ingredient are made as follows: 



Ingredient 


Amount 


Compound of Example 18 
Saturated fatty acid gtyceridesto 


25 mg 
2.000 mg 



The active ingredient is passed through a-No. 60 mesh U S sieve and suspended m the saturated fatty acid 
glycerides previously melted using the minimum heat necessary. The mixture is then poured into a suppository mold 
of nominal 2.0 g capacity and altowed to cool 

Formulation Example 7 

Suspensions, each containing 50 mg of medicament per 5.0 ml dose are made as tollows: 



Ingredient 



Compound of Example 43 
Xanthan gum 

Sodium carboxymethyl cellutose (11 %) Microcrystalline cellulose (89%) 



Anrraunt 



50.0 mg 
4.0 mg 
50.0 mg 
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(continued) 



Ingredient 


Amount 


Sucrose 




1 75 Q 


Sodium benzoate 




10.0 mg 


Flavor and Color 




q.v 


Purified water to 




5 0 ml 



^0 The medicament, sucrose and xanthan gum are blended, passed through a No 10 mesh U S. sieve, and then 
mixed with a previously made solution of the microcrystalline cellulose and sodium carboxymethyl cellulose in water 
The sodium benzoate. flavor, and color are diluted with some of the water and added with stirrmg Sufficient water is 
then added to produce the required volume 

,5 Formulation Example 8 

Capsules, each containing 15 mg of medicamenl, are made as follows 



Ingredient. 


Quantity (mg/capsule) 


Compound of Example 58 


15.0 mg 


Starch 


407 Omg 


Magnesium stearate 


3.0 mg 


Total 


425.0 mg 



The active ingredient, cellulose, starch, and magnesium stearate are blended, passed through a No. 20 mesh U. 
S sieve, and filled into hard gelatin capsules in 560 mg quantities 

Formulation Example 9 

30 

An intravenous fonfnulation may be prepared as follows: 



Ingredient 


Quantity 


Compound of Example 91 
Isotonic saline 


250.0 mg 
1000 ml 



Formulalbn Example 10 

A topical formulation may be prepared as follows 



Ingredient 


Quantity 


Compound of Example 67 
Emulsifying Wax 
Liquid Paraffin 
White Soft Paraffin 


1-10 g 
30g 
20 9 
to 100 g 



The white soft paraffin is heated until molten The liquid praffin and emulsifying wax are incorporated and stirred until 
dissolved. The compound of Example 67 is added and stirring is continued until dispersed. The mixture is then cooled 
until solid. 

Fomnulation Example 11 

Sublingual or buccal tablets, each containing 10 mg of active ingredient, may be prepared as follows: 
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10 



ingreaieni 




Active Ingredient 


lU.u rug 


Glycerol 


210.5 mg 


Water 


143 0 mg 


Sodium Citrate 


4.5 mg 


Polyvinyl Alcohol 


26 5mg 


Polyvinylpyrrolidone 


15 5nrig 


Total 


410 Omg 



IS 



so 



2S 



30 



the glycerol, water, sodium citrate, polyvinyl alcohol, and polyvinylpyrrolidone are admixed together by continuous 
stirring and niaintaining the temperature at about 90*C When the polymers have gone into solution, the solution is 
cooled to about 50-55"C and the medicament is slowly admixed The homogenous mixture Is poured into forms made 
of an inert material to produce a drug-containing diffusion nf«tnx having a thickness of about 2-4 mm. This diffusion 
matrix is then cut to form individual tablets having the appropriate size. 

Another preferred lormulation employed in the methods of the present invention employs transdermal delivery 
devices ("patches") Such transdermal patches may be used to provide continuous or discontinuous infusion of the 
compounds of the present invention in controlled amounts The constmction and use of transdermal patches lor the 
delivery of pharmaceutical agents is well known in the art See, eg. . U S Patent 5.023,252, issued June 11, 1991. 
herein incorporated by reference Such patches may be constructed for continuous, pulsatile, or on demand delivery 
of pharmaceutical agents 

Frequently, it will be desirable or necessary to introduce the pharmaceutical composition to the brain, either directly 
or indirectly Direct techniques usually involve placement of a drug deliveiy catheter mto the host's ventricular system 
to bypass the blood43rain barrier One such implantable delivery system, used for the transport of biological factors to 
specific anatomical regions of the body, is descnbed in U.S Patent 5,011 ,472, issued April 30, 1 991 , which is herein 
incorporated by refemce. 

Indirect techniques, which are generally prelerred, usually involve formulating the compositions to provide for drug 
latentiation by the conversion of hydrophillc drugs into tipid-soluble drugs or prodrugs Latentetion is generally achieved 
through blocking of the hydroxy, carlxxiyl. sulfate, and primary amine groups present on the drug to render the drug 
more lipid soluble and amenable to transportation across the blood-brain barner. Alternatively, the delivery of hydrophibc 
drugs may be enhanced by intra-artenal infusion of hypertonic solutions which can transiently open the blood-brain 
barner. 



Clalme 



1 . A compound of the f ormu la 



40 



45 



so 



fr-(CH2)„— C-CH2— (CH)o-R' 

NH ^ 
I 

(Cp)p 

(CH2)m 



55 



wherein 

m IS 0 or 1 ; 
n isOor 1, 
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oisO 1.or2» 
p is 0 or 1 , 

R IS phenyl. 2- or 3-indolyl. 2- or 3-inctolinyl, benzolhienyl. benzof uranyl. or naphlhyl; 

any one of which groups nnay be subslrtuled with one or iwo halo. C,-C3 alkoxy, tnfluoronnelhyl, C1-C4 
alkyi, phenyl-Ci-Ca alkoxy. or C1-C4 alkanoyi groups. 

Istrrtyl, phenyl, diphenylmethyl. phenoxy. phenylthio. hexamethyleneiminyl. piperazinyl, piperidinyl. pyrro- 
iidlnyl. morpholinyl. indolinyl, indolyl, benzothienyl. benzofuranyl. quinolinyl. letrahydropyndinyl. isoquinolinyl. 
reduced quinolinyl, reduced isoquinolinyl, phenyl-(C,-C4 alkyI)-. phenyl-(C,-C4 alkoxy)-. quinolinyl-(Ci-C4 
alkyI)-. isoquinolinyl-(C, -C4 alkyI)-, reduced quinolinyl-(C, -C4 alkyI)-. reduced isoquinolinyl-(Ci -C^ alkyl)-, ben- 
zoyl-(CvC3 alkyls, C,-C4 alkyI, or -NH-CHg-R^; 

any one of which Ri groups may be substituted wrth halo. C1-C4 alkyl. C1-C4 alkoxy. trifluoromelhyl. 
ammo. C1-C4 alkylamino. or di(Ci-C4 alkyl)amino. or any one of which R^ groups may be substituted with 
phenyl, piperazinyl. C^Cq cycloalkyl. benzyl, C^-C^ alkyI, piperidmyl, pyndmyl. pyrimidinyl. Cg-Cgalkanoylami- 
no, pyrrolidinyl, Cg-Cg alkanoyi, or C,-C4 alkoxycarbonyl; 

any one of which groups may be substituted with halo, C,-C4 alkyI, Ci-C4 alkoxy. trifluoromethyl, 
ammo. C,-C4 alkylamino. di(Ci-C4 alkyl)amino, or 03-04 alkanoylamino: 

or R^ IS amino, a leaving group, hydrogen. OyC^ alkylamino, or di(Ci-C4 alkyl)amino; 
R5 is pyridyl, anllino-(Ci-C3 alkyI)-. or anilinocarbonyl; 

r2 is hydrogen. 0^04 alkyl. arylsulfonyl. CrC4 alkylsulfonyl. caft)Oxy-(Ct-C3 alkyI)-. O^-Og alkoxycarbonyl- 
(Ci-Caalkyl)-. or-CO-R6 

R6 is hydrogen. C1-C4 alkyl, C1-C3 haloalkyl. phenyl, Ci-C3 alkoxy. -Cg hydroxyalkyl. ammo. C1-O4 alkylami- 
no. di(Ci-C4 alkyi)amino. or -(CHjjq-R^; 

q is 0 to 3; 

r7 is phenoxy. phenylthio. piperazinyl. piperdinyl. pyrrolidinyl, morpholinyl. indolinyl. indolyl. benzothienyl, 
benzofuranyl, quinolinyl. Isoquinolinyl, reduced quinolinyl. reduced isoquinolinyl. phenyHCi-C4 alkyl)-, quin- 
olinyl-(Ci-C4 alkyl)-. isoquinohnyl-(C,-C4 alkyl)-. reduced quinollnyl(Ci-C4 alkyl)-. reduced isoquinolinyl-(Ci- 
O4 alkyl)-, benzoyl-Ci -C3 alkyl, 

any one of which R^ groups may be substituted with halo, trifluoromethyl. C1-C4 alkoxy. amino. 0,-04 
all^lamino. di(0i-04 alkyl)amino, or C2-C4 alkanoylamino; 

or any one of which R7 groups may be substituted with phenyl, piperazinyl. O3-O8 cycloalkyl, benzyl, 
piperidinyl, pyridinyl. pyrimidinyl. pyrrolidinyl. Cg-Cg alkanoyi. 0,-04 a^^yl, or O1-C4 alkoxycarbonyl; 

any of which groups may be substituted with halo, trifluoromethyl, amino. Oi-04 alkoxy. 0,-04 a^^^Y*. 
O1-C4 alkylamino. di(Ci-04 alkyl)amino. or O2-O4 alkanoylamino; 

or R7 IS carboxy. 0,-04 alkoxycarbonyl, 0,-04 alkylcarbonytoxy, amino, 0,-04 alkylamino. di(0,-04 alkyl)ami- 
no, 0,-06 alkoxycarbonylamino; 
RS is hydrogen or O, -Og alkyl, 

R3 is phenyl. phenyt-(0,-06 alkyl)-. O3-O8 cycloalkyl. Cs-Os cycloalkenyl. C,-Cs alkyl. naphthyl. Cj-Og alkenyl. 
or hydrogen, 

any one of which groups except hydrogen may be substituted with one or two halo, 0,-03 alkoxy. C,- 
O3 alkylthio, nftro. trifluoromelhyl, or C^-Os alkyl groups; 

and 

r4 IS hydrogen or 0,-03 alkyl; 
with the proviso that if R^ is hydrogen or halo. R3 is phenyl, phenyl-(0,-Oe alkyls. Og-Og cycloalkyl, Og-Ce cy- 
ck>alkenyl. or naphthyl. 

or a pharmaceutically acceptable salt or solvate thereof, for use in treating or preventing a physk>logical condition 
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which may be modulated by an increase in growth hormone. 

2. A use as claimed in Claim 1 employing a compound wherein R is phenyl, naphthyl. or 2- or S-lndolyl which group 
may be optionally substituted. 

3. A use as claimed in Claim 2 employing a connpound of the formula 




wherein is one. two or three substituents selected from the group consisting of halo, C, -Cg alkocy. C , -Cg alky Ith- 
20 10, nilro. tnnuoromelhyl. and 0,-03 alky I. 

4. A use as claimed in Claim 3 employing a compound wherein Ri is piperazinyl pipendinyl. substituted piperazinyl, 
or substituted pipendinyl. 

2S 5. A use as claimed in Claim 4 employing a compound whoroin Ri is 1 -(4-ph©nyl)piperazinyl 

6 A use as claimed in Claim 5 employing (R) 1 -IN.(2-methoxyben2yl)acetylamino]-3-(1 H-indol-3-yl)-24N-(2-((4-phe- 
nyl)piperazin.1.yl)acetyl)aminolpropane or (R) l-IN.{2-chlorobenzyl)acetylamino]-3-(1H.indol-3-yl).2-(N-(2-( 
(4.phenyl)piperazin-1-yl)acelyl)aminolpropane. or a pharmaceutically acceptable salt or solvate thereof 



7. A use as claimed in Claim 4 employing a compound wherein R^ is 1 -(4-cyctohexyl)piperazinyl. 



8 A use as claimed in Claim 7 employing (R) 1 4N-(2-melhoxybenzyl)acetylamino)-3-(1 H-indol-3-yl)-2-IN-(2-((4-cy. 
clohexyl)piperazin-1 -yl)acetyl)aminolpropane or (R) 1 -[N-|2-chlorobenzyl)acetylaminoh3-(1 H-indol-3-yl)-2-(N-(2- 
35 ((4<yclohexyl)piperazin-l -yl)acetyl)aminolpropane. or a pharmaceutically acceptable salt or solvate thereof. 

9. A use as claimed m Claim 4 employing a compound wherein R^ is 1 -(4-phenyl)piperidinyl 

10 A use as claimed in Claim 9 emptoying (R) 1 -[N-{2-methoxyben2yOacetylaminol-3-(1H-indol-3-yl)-24N.(2.{(4-phe- 
40 nyl)piperidin-1-yl)acetyl)amino]propane or (R) l.(N-{2-chlorobenzyl)acetylamino].3-(1H.indol-3-yl)-2.lN-(2.( 

(4-phenyl)pipendln.l-yl)acetyl)amino]propane. or a pharmaceutically acceptable salt or solvate thereof. 

11. A use as claimed in Claim 4 employing a compound wherein R^ is 1-(4-cyciohexyl)piperidinyL 

45 1 2. A use as claimed in Claim 1 1 empkDying (R) 1 4N-(2-methoxybenzyl)acelylaminol-3-(1 H-indol-3-yl)-2.[N-(2-((4-cy- 
clohexyl)pipendin-l -yl)acetyl)aminolpropane or (R) 1 -(N-(2-chloroben2yl)acety laminol-3-(l H-indol-3-yl)-2-IN-(2-( 
(4.cyclohexyl)piperidinO-yl)acetyl))aminolpropane(R)-N-(2-[acetyl[(2K:htorophenyl)methyl^^^ 
3-ylmelhyl)ethyl)H-cyclohexyl-1 -piperidineacetamide, or a pharmaceutically acceptable salt or solvate thereof 

so 13. A use as claimed in Claim 4 employing a compound wherein R^ is 1-(4-(1 -piperkiinyl)Jpiperidinyl. 

14 A use as claimed in Claim 1 3 employing (R) 1 -(N-(2-methoxybenzyl)acetyiaminol-3-(l H-lndol-3-yl)-2-[N-(2.(4-(pip- 
erkJin-i-yOpipendin-l-yl)aceiyl)aminolpropaneor(R)HN-{2-chtorobenzyl)acetylaninol-3-(1H-^ 
(4-(piperidin-l-yl)piperidin-l-yl)acetyl)aminolpropane, or a pharmaceuticaUy acceptable saH or solvate thereof. 

15. A use as claimed in Claim 1 4 emptoying the compound (R)-3-(l H-indo|.3.yl)-1 HN-(2-methoxybenzyl)acetylamino]- 
2HN-(2-(4-(pipendin-1 -yl)pipendin-1 -yl)acetyl)aminolpropane dihydrochloride trihydrate 
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16. A pharmaceulical formulation for use in treating or preventing a physiological condition which may be modulated 
by an increase in growth hormone, comprising a compound as claimed in any one of Claims 1 to 15. associated 
with one or more phamnaceutically acceptable carriers, diluents, or excipients therefor. 
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